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PREFACE. 



It may seem strange, that at a time when all nations 
appear to have come to the conclusion that their ordnance 
is approaching perfection, I should choose as the title of this 
little work, * The Artillery of the Future.' 

I have adopted the title deliberately, and the work itself 
must be my justification. 

For many years I have been at variance with gun-makers 
^and artillerists on the subject of the increase of ballistic effect. 
^Whilst 1 have advocated high pressure in strong and com- 
paratively short guns, they have gone in the opposite direc- 
tion, reducing the pressure, increasing the weight of charge 
and the length of the gun, until at the present moment guns 
of 40 to 50 calibres in length, working with a maximum 
pressure of about 17i tons per square inch, have come into 
use. 

The importance of the principles which I have so long 
advocated become still more evident, now that the new 
powders have attracted so much attention, and this I have 
endeavoured to show in the following pages. The pamphlet 
* Smokeless Powder,' which I published last year, was little 
more than a forecast of what, to my mind, was looming in the 
not very distant future, and the conclusions therein arrived 
at have been greatly strengthened, and. indeed, confirmed by 
further investigations, based upon much more extensive 
data, especially as regards the Nobel powder. 

I am not sanguine that these conclusions will be speedily 
adopted, or even favourably considered, by the ordnance 
authorities in this country. 

It has taken me about thirty years to convince them that 
my views about gun construction were correct, and that the 
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use of coiled wire, and the separation of the material for 
resisting the bursting and the longitudinal strains, were im- 
portant features in gun construction. 

It will probably be the same again. The construction of 
long guns calculated for low pressures will probably be 
continued and further milh'ons spent until we once more 
find that by the adoption of stronger guns and high pressure 
some other nation has distanced us in the artillery race. 

The conclusions I have arrived at are not mere opinions, 
they are the result of careful investigations, and they appear 
to me to be of suflScient importance to justify me in sub- 
mitting them, as I now do, to the candid appreciation of gun- 
makers and artillerists. 

In doing so I fully agree with an old writer who says, 
" He who opposes his own judgment against the opinion of 
the times ought to be backed with unanswerable truths ; and 
he that hath truth on his side is a fool as well as a coward 
if he is afraid to own it because of the currency or multitude 
of other men's opinions." 

J. A. LoKGBmaE. 

GBiSiYE d'Azbttb, Jebset, 
June 1, 1891. 
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and the maximum pressures recorded. 

4. The powder, known as RG.P. (Rauchloses Geschiitz- 
Pulver), was in grains varying from 0*0395 to 0'393 inch 
in thickness, and had been in store about five months. 

5. The velocities were measured by two chronographs, and 
the pressures either by Eodman's apparatus or by the 
crusher gauge, and in some of the larger guns the two were 
used concurrently. 

6. The cartridges in some cases were of brass attached to 
the projectile, in other cases separate from the projectile, 

B 



2 THE ARTILLERY OF TEE FUTURE, 

but in metallic cases, and in the larger calibres of 4 * 74 inches 
and upwards, in the ordinary silk bags. 

7. The tables given in the * Beyue d'Artillerie ' contain the 
following particulars : — 

Date of firing. 

Calibre, length, and weight of gun. 
Dimension of grains of powder. 
Weight of projectile. 
Weight of charge. 
Grayimetric density. 
Velocity of projectile. 
Maximum pressure. 

8. These elements enable us to arrive at some conclusiorjs 
of considerable importance with regard to the ballistic 
qualities of this powder, and presumably of other powders 
of analogous nature, such as the French B.N. and the English 
Cordite. 

9. Although the published information regarding these 
two powders is very scanty, I will endeavour in a subsequent 
part of this paper to make use of it in a comparison between 
their relative ballistic power and that of the Nobel powder. 

10. At present I proceed to the investigation of the effect 
of the Nobel powder, as influenced by the various ballistic 
elements, such as weight of projectile and charge, size and 
grain of powder, calibre and length of gun, and size of 
chamber or air spacing. 

This investigation must only be looked on as approximative, 
inasmuch as the information given is in some respects 
imperfect, but the results arrived at will probably be not 
without interest to Artillerists. 

11. The general problem as regards the ballistic effect of 
a powder is to determine the muzzle velocity and the maxi- 
mum pressure when a given charge is fired behind a pro- 
jectile of given weight in a gun of given dimensions. 

There is, however, another problem of great importance, 
viz. to determine the variation of pressure in the chase of a 
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gUDy whilst the projectile is passing from its initial position 
to the muzzle. 

It is not enough to know the maximum pressure which 
exists in the vicinity of the powder chamber. It is required 
to know the pressure corresponding to each position of the 
projectile^ so that the requisite strength of chase at that 
point shall be determinable. 

I do not pretend to have solved this problem, but only to 
have pointed out the limits which the pressure cannot exceed, 
and which, therefore, constitute a safe guide in designing the 
chase of a gun. 

At the same time it will be found that the hypothesis on 
which the method is founded leads to formulae which agree 
very fairly with the actual results of experiments, as regards 
the muzzle velocity and the maximum pressure under the 
given ballistic elements. 

12. The method of investigation adopted is no doubt 
open to criticism. It rests to a certain extent upon hypo- 
thesis and assumptions, and does not possess the analytical 
value of M. Sarrau's method, but it will be found to give 
approximately correct results as regards the new powders, 
and moreover is applicable to estimating the pressures along 
the chase of a gun more directly, and perhaps with greater 
accuracy, than has been done heretofore. 

13. This is a question of very great importance in gun 
construction, and it appears to be still much misapprehended 
by artillerists and gun-makers, judging from the weakness 
of the slender chases adopted in the long guns now in vogue. 

14. The knowledge which we at present possess of the 
pressures existing in a gun corresponding to different posi- 
tions of the projectile in its passage to the muzzle, is chiefly 
derived from the indications of crusher gauges placed at 
different points in the chase of an experimental gun. 

15. But, as has been shown by Sarrau and Veille in 
their important and valuable essay, * Etude sur Pemploi 
des manometres d'ecrasement,' 1883, the indications of the 
crusher gauges are by no means so easily interpreted as is 

B 2 



4 THE ARTILLERY OF THE FUTURE, 

generally supposed, sinee the amount of crashing is not 
altogether and simply proportionate to the crushing force, 
but depends very considerably on its mode of application, on 
the mass of the piston, and other conditiona 

This matter is of such importance that I shall devote 
a small spaee to it in the following chapter. 
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CHAPTER IL 

16. The interpretation of the amounts of compression of 
the copper cylinders used in these gauges is called by Messrs. 
Sarrau and Veille the " Tarage." We have no exact equiva- 
lent for this word in English, and indeed, it does not appear 
in Littre's Dictionary, but as used by Sarrau and Veille it 
means the experimental determination of the relation between 
the force applied and the consequent permanent compression 
of the cylinder, and perhaps it may be best designated by the 
word " Verification.'* 

17. Oonsequently the estimation of the force applied pre- 
supposes the previous experimental Verification of the indi- 
cations of the instrument. For this purpose cylinders of the 
same material and dimensions as those used in the crusher 
gauges are crushed by forces of known magnitude, cmd tables 
are thus established showing the correlation between a certain 
series of applied forces and the corresponding compressions 
of the cylinders. 

Now the method of Verification is variable, 

18. (a) The crushing may be effected by a constant force 
of known magnitude acting without initial velocity. 

19. (6) The method employed in France, by the Artillerie 
de la Marine, is by the use of Joessel's balance, by means of 
which cylinders of copper are crushed between two surfaces 
of steel. The arm of the balance, loaded with a given weight 
at a certain distance from the axis of rotation, is made to act 
rapidly on the cylinder, by removing a support which sus- 
tains the loaded arm at rest, and guides it during a portion 
of its motion so as to give to the effective force a determi- 
nate law of variation. 
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20. Messrs. Sarrau and Veille also make use of Joessel's 
balance, but in two distinct methods. 

(o) The cylinders are crushed slowly and progressively by 
small quantities until they support the load without further 
compression. 

{d) The weight is slowly and gradually moved along the 
arm of the balance, so that the force is gradually and 
uniformly increased from zero to a given determined amount. 

In each method the force on the cylinder attains (though 
by different laws) a fi^al value T called the " Force of Verifi- 
cation" (Tarage), and the corresponding compression e is 
measured. The series of correlative values of T and e con- 
stitute the « Table of Verification." 

21. The two methods employed by Sarrau and Veille give 
identical results, but the compressions for given value of T 
are less than those given by the method adopted by the 
Artillerie de la Marine. For a given value of T, e is greatest 
when the force is suddenly applied, and least when it is applied 
slowly and uniformly. 

22. It is generally admitted, that when the apparatus 
acts under the varying pressure of a gas, the maximum 
value of the pressure P is equal to the " Force of Verification " 
corresponding to the measured compression. 

It might be thought that this is self-evident, but it is 
only approximate, for it is subordinate, at any rate, to the 
choice of the method of Verification, because the same force 
gives different values of € according to the method of appli- 
cation of the force. 

By elaborate and very careful experiments, Messrs. 
Sarrau and Veille found 

23. (1) that with ordinary powder, in a close vessel, the 
amount of compression depends neither on the mass of the 
piston (within the most extended limits of practical use) 
nor on the mode of development of the pressure, as charac- 
terised by the duration of the time of compression. 

24. (2) That to the compressions produced (under the 
same conditions of application), by pistons of different base 
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area, the corresponding " Forces of Verification " are propor- 
tional to the area of the bases. 

25. Consequently, for ordinary powder in close vessels, the 
maximum pressure is proportional to the " Force of Verifica- 
tion " corresponding to the measured compression. 

26. In order to decide whether the process of Verifica- 
tion adopted gives results not only proportional^ but also 
equals to the maximum pressures, Messrs. Sarrau and Veille 
compared their results with those obtained by Colonel Sebert 
by means of his " Accelerograph ■' and they found that they 
were in perfect accordance. 

27. They therefore concluded, that for ordinary powders in 
close vessels, and under the conditions of Verification adopted 
by them, the calculation of the maximum pressure from the 
compression of the cylinders is perfectly legitimate. 

28. But this conclusion does not hold good with regard to 
pressures produced by explosives of a more rapid action. 

With such explosives, even when the conditions of the 
charge and the maximum pressure remain the same, the 
amount of compression varies very considerably with the mass 
of the piston and with the rate of development of the gas. 

29. They therefore sought to analyse theoretically the 
circumstances attending the motion of a piston crushing a 
cylinder under the action of a force which was a function of 
the time. 

The result of this investigation showed that in the case 
of a slow explosion, the measure of the maximum pressure is 
the ** Force of Verification *' corresponding to the full value 
of the compression €, whilst with a very rapid explosion it is 
the " Force of Verification " corresponding to one-half the 
value of 6. 

30. In fact Messrs. Sarrau and Veille show that the rela- 
tion between the pressure and the compression is expressed 
by the formula 

p = '. + -^Vx- ® 
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in which 

K^ aod K are constants ; 

T is the time elapsed from the origin to the moment of 

maximum pressure ; 
To the duration of the compression under a constant force, 

acting without initial velocity, on a piston whose mass is 

mandTo = Tr r^y. 

a function, which when 1 = zero is equal to unity and 

which decreases rapidly as — increases. 

Consequently the value of P for a given amount of com- 
pression, depends essentially on the vivacity of the explosion 
and on the mass of the piston. 

31. MM. Sarrau and Veille were able, by means of a very 
ingenious apparatus, to obtain a series of curves showing 
the actual amount of compression as a function of . the time, 
with various explosions, in various conditions, such as dust, 
fine grain, fragments of cake, and compressed blocks, and 
they thus ascertained — 

(1) That, with ordinary gunpowder, the amount of com- 
pression is the same, whether the duration be 0"'0015 or 
0"-080, that is to say, a variation of 1 to 53J. 

(2) That with explosives of a rapid nature, the compres- 
sion increases as the duration decreases^ so that its amount 
depends, not solely on the maximum pressure, but also on 
the law of its development. 

(3) That ordinary gunpowder is the only explosive which, 
under ordinary conditions, produces compressions which may 
be considered as depending only on the maximum pressure. 

32. With regard to the indications of the crusher gauge 
in a gun, there are two distinct conditions to be examined ; 
1st, when the crusher is behind the projectile ; 2nd, when 
it is front of it. 

33. In the first case, the pressure increases gradually from 
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zero to the maximum, and then decreases instead of remain- 
ing constant as in a close vessel. 

34. After the maximum, the conditions are therefore 
diflferent, but the action of the crusher will present no 
essential diflFerence, provided the conditions of motion of the 
piston are such, that there shall be sensibly an equilibrium 
between the pressure and the force of resistance of the 
cyhnder, at the time of the maximum, because the compres- 
sion being then terminated, it is not subsequently altered. 
But the condition of this equilibum is, that the value of the 

ratio — shall not be inferior to a limit, which, according to 

Sarrau and Veille, ranged between 2 and 3. From this 
it follows that this method of estimating the maximum 
pressure is justified, when the conditions are such that the 
duration of the compression from the moment of its origin to 
that of the maximum is two or three times greater than 
that of the same compression produced by a constant force, 
acting without initial velocity. 

35. If, as is generally the case in France, the weight of 
the piston be about 30 grammes, the corresponding value of 
Tq is about 0"' 00025, consequently it will suffice if t amounts 
to, or exceeds 0"- 00050 or 0"- 00075, and it may be admitted 
that this condition is generally satisfied in ordinary practice, 
from the ascertained value of the .times which separate the 
origin of motion of the projectile in a gun, from the time of 
maximum pressure.* 

36. Consequently the maximum pressure is sensibly equal 
to the "Force of Verification," provided this latter be 
determined by Sarrau and Veille's method. 

If, however, the method of the Artillerie de la Marine be 

* According to Sebert and Hugonet's experiments the times were found 
lobe— 

O^'OOIO for a 10 cm. gnn; projectile 12 kilo; charge 8*2 kilo; 

A,S powder. 
0"-002j 

'to I for a 24 cm. gun; projectile 144 kilo; charge 28 kUo; 
0'' • OOs) -A.,S powder. 
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adopted the compressions are somewhat too great for a 
determinate force, and consequently the values of the force 
for a determinate compression are somewhat too small. 
. 37. In the second case, when the crusher is in front of 
the projectile : — 

Here the piston only receives the full pressure at the 
moment when the bajse of the projectile passes it. Thus the 
initial pressure is the maximum, applied suddenly, and 
therefore the motion is no longer the same as in the first 
case, where the initial pressure is zero. The compression is 
therefore no longer a simple relation to the corresponding 
"Force of Verification," so that the ordinary method of 
computation no longer applies. 

38. If the crusher be placed approximately at the point 
of maximum pressure, the variation of pressure in the 
vicinHy of such maximum is comparatively small, and if the 
time during which this variation is inconsiderable is of the 
same order of magnitude as tq the compression will take place 
under the action of a sensibly constant force, and its value 
will be sensibly double of that which the same pressure would 
produce under the gradual action of the gases in the powder 
chambers on a gauge placed therein, behind the projectile. 

39. This is the reason why the pressures, indicated by 
gauges, a little in advance of the first position of the pro- 
jectile, are often found to be notably greater than those in 
the powder chamber. It is not that the latter are really less 
and the forces greater from some local action, as is often 
supposed, but it is simply due to the action of the apparatus 
itself, as is conclusively shown in the analysis of the problem 
given by Messrs. Sarrau and Veille. 

40. The study of Messrs. Sarrau and Yeille's works 
shows that the interpretation of the results given by the 
crusher gauge is by no means so simple as is generally 
supposed, and that the mere feet of a cylinder being com- 
pressed to a certain amount is not necessarily an indication 
of the force which would produce the same compressions 
under the action of a testing machine. 



AND THE NEW POWDERS. 



11 



41. It is for this reason that I have introduced the above 
remarks which might otherwise appear scarcely relevant to 
my subject, and if the conclusions to which my investiga- 
tion of the action of the new powders lead, appear in 
some instances at variance with the indications of crusher 
gauges, it does not follow that they are equally at variance 
with the actual facts of the action of jUie powder. 

42. The crusher gauge is no doubt a very valuable instru- 
ment, but it must be employed with a full knowledge of the 
peculiarities of its action, and although under these circum- 
stances it may be thoroughly relied on as regards the 
maximum pressure in the chamber, it is not the same when 
used to determine the pressures after the nummumy whilst 
the projectile is passing along the chase to the muzzle. 

43. To illustrate this I reproduce a diagram showing the 
results as deduced from experiments made by means of the 
crusher gauge, which is taken from a table given in the 
Woolwich 'Text-book on the Construction of Ordnance,' 
edition 1877. 



Fig. 1. 




44. Now the area of this curve taken from the base of the 
projectile in its original position up to the muzzle, multiplied 
by the area of the bore, represents the energy. This is 
found to be 9236 foot-tons. But the loss of energy in over- 
coming the passive resistances, friction, and expulsion of 
the gases, is certainly not less than 20 per cent., deducting 
which there remains 7391 foot-tons for the energy of the 
projectile. 
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The recorded velocity was 1409*3, and the weight of 
projectile 800 lbs., therefore the actual energy was 11,010 
foot-tons, being 49 per cent, above that dne to the recorded 
pressures. It is therefore evident that these pressures could 
not represent the actual pressures in the gun. 

45. In a subsequent page I will refer in further illustra- 
tion to some pressure curves contained in General Wardell's 
* Handbook of Gunpowder and Gunootton/ printed by order 
of the Secretary of State for War in 1888. At present 
enough has been said to justify the statement that such 
pressure curves, deduced from the present interpretation of 
the indications of crusher gauges, do not correctly represent 
the real pressure in the chase, whilst the projectile is passing 
along it to the muzzle of the gun. 

46. There are other methods, which may be termed 
dynamic, according to which may be determined the move- 
ment of the projectile as a function of the time, and thus, by 
the laws of mechanics, the pressures which produce such 
motion may be deduced. 

47. Amongst them, probably the most successful are those 
made by means of the accelerograph and accelerometer of 
Colonel Sebert, but I have never been able to procure speci- 
mens of pressure curves actually obtained by these instru- 
ments. The instruments themselves are costly and very 
delicate in their construction, and, so far as I can learn, have 
not come into general use. At the same time, I think that 
they ought to give indications, much more reliable than 
those of the crusher, of the variations of pressure on the base 
of the projectile during its passage along the chase. 

48. In practical gun construction this knowledge is of 
vital importance. 

49. With the old powders, long experience has enabled 
gun-makers to give certain proportions to the chases of guns, 
but of late years indications have not been wanting to show 
that these proportions require modification for the slow- 
burning powders. 

50. The new smokeless powders, however, are so different 
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in their constitution and in the results of their deoomposi- 
tion, that former experience can no longer be relied on, and 
it was chiefly with the object of throwing some light upon 
this most important subject that I undertook the investiga- 
tion of which I now venture to give the result. 
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CHAPTEE III. 

51. In my treatise on * Internal Ballistics/ * Chapter IV., 
I explained a method of constructing pressure curves, which 
I had frequently employed, based upon Noble and Abel's 
formula, and on the determination of the maximum pressure 
by M. Sarrau's formula. 

52. I also showed how, by the use of Sarrau's formula for 
velocity, the pressure at any point of the projectile's course 
might be deduced, and pointed out by examples, that the 
curves thus obtained, and which represented the muzzle 
energy of the projectile, gave, after allowing for other 
resistances, satisfactory means of estimating the muzzle 
energy of the projectile. 

53. But Noble and Abel's formula, as well as Sarrau's, 
referred to the ordinary powders, the products of combustion 
of which were not purely gaseous, but a mixture of gases 
with a very large proportion of inert matter in the form of a 
very finely divided liquid. 

54. The new powders, on the contrary, are almost entirely 
converted into gases, and therefore, to that extent, the 
problem is more simple, and it occurred to me that it might 
be possible, by an extension of the method of curves above 
referred to, to arrive at results, which if not absolutely 
accurate, might yet be sufficiently so to be of practical 
utility. 

55. The method of curves depends partly on a known 
physical law and partly on an assumption. 

56. Let a e, Fig. 2, represent the length of the charge in 
a cylindrical space whose diameter is that of the calibre of 

* * Internal Ballistics,' by J. A. Longridge, Spon, 1889. 
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the gun ; a 6, the " equivalent length " of the chamber, that 
is to say the length of a cylinder whose diameter is the same 
as the calibre of the gun and whose capacity is that of the 
chamber ; h o, the travel of the projectile. 



Fig. 2. 




67. Then, if the projectile be immovable, and if a e = a fc, 
the case is that of an explosive fired in a close vessel, and if 
the space be filled with ordinary powder at 27 '73 inches to 
the pound, the pressure, according to Noble and Abel's ex- 
periments, will be 43 tons per square inch, which may be 
represented by the ordinate h d. If now the projectile be 
allowed to move, the pressures (supposing no loss by friction 
and other resistances) will be represented by the ordinates 
of a curve d o^, the equation to which is known, and the area 
of this curve h d e^ e, will represent the total energy per 
unit of area of the bore, from which the muzzle velocity is 
easily obtained. 

58. But the projectile is not held back till all the charge 
is consumed. It begins to move as soon as the pressure 
behind it is sufficient to overcome the friction and passive 
resistances, and it moves forward under an increasing 
pressure up to a certain point at which the pressure is a 
maximum, and then continues its motion under the action of 
a decreasing pressure up to the muzzle. 
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59. The pressures acting on the projectile may therefore be 
represented by a curve such as b h^, e, Fig. 2, and the area of 
this curve will represent the energy per unit of area of the 
bore. 

To obtain this, the area of the curve, it is only required to 
know its equatioD, and the position and magnitude of the 
ordinate of maximum pressure. 

Assuming that the whole of the charge is consumed at 
the position of maximum pressure 6^, the equation to the 
curve b,^ o^ is known. This is the first assumption. 

60. The equation to the ascending branch of the curve 
b b^^ is entirely unknown. It depends on the relation between 
the amount of gas evolved at any moment, and the space 
behind the projectile at the same moment of time. 

61. Now the quantity of gas evolved depends partly on the 
varying pressures and partly on the form and density of the 
grains ; consequently the analysis of the problem becomes 
very complicated, and is certainly beyond my grasp. I am 
consequently driven to make a second assumption, viz. that 
the area of the curve behind b^ b^^ is the same as that of 
a quarter of an ellipse, the semi-axes of which are b 6, 
and b, b^^. 

62. Both these assumptions are disputable. As regards 
the second, the only justification I can give is that the 
results derived by the method of which it forms a part, agree 
very well with the actual results of experiment in a great 
variety of cases, the elements of which are very widely 
different. 

63. As regards the first assumption, it is only an assump- 
tion in so far as it assumes that the whole charge is converted 
into gas at the time of maximum pressure, i. e. when the pro- 
jectile is at the point 6^. 

64. Of this I can give no proof. It may be asserted that 
the point of maximum pressure is at some distance behind 
the ordinate b^, b, such as //^, and that at that point a 
portion only of the charge is burnt. If this be so the sub- 
sequent pressures will be represented by a curve such as 
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fgy which will fall into the curve d b,, c^ at some point jr, and 
this curve hfg must always fall below the curve d l^^ ^, or else 
the point ff must coincide with b^,, in which case the pressure 
between / and b,^ would be constant and equal to the maxi- 
mum pressure. 

Consequently, if the chase of the gun be calculated for the 
pressures of the curve b,^ c^ it will always be sufiSciently strong 
fQr the pressures, on the other hypothesis of the maximum 
falling behind b^ b,^. 

65. Again, the area of the curve bf^g0,o must be equal to 
that of the curve b b^ e^ c, otherwise there would be a defi- 
ciency of energy and a corresponding falling off of the muzzle 
velocity. 
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66. If it be said that the point of maximum pressure may 
be in front of the position b^^ 6, it is easily shown that this is 
impossible. For let the dotted line Fig. 3 represent the 
pressures on this hypothesis and// the ordinate of maximum 
pressure. Then, even if the whole of the charge be con- 
sumed at this point, it is impossible that the pressure can 
be represented by an ordinate // greater than the corre- 
sponding ordinate of the curve b d^^ c,, because this latter 
ordinate is that due to the volume of the whole of the products 
of the whole charge in the space corresponding to the projectile 
at b,. In fact the ordinate corresponding to the entire com- 
bustion of the charge must be some point in the curve d b„ c^. 

c 
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67. In like manner, the whole charge oonld not be con- 
sumed when the projectile is at any point/ (Fig. 2) behind 
the ordinate b^ 1,,^ because the volume of gas in the space 
If would thus giye a pressure//^ greater than//. 

68. The result of this is that the pressures in the chase will 
never exceed those given by the curve h h^^ e^^ and may pos- 
sibly fall below. Consequently, if the strength of the chase 
be calculated for the pressure of the curve \ e„ it will always 
be safe under the actual pressures. 

69. I proceed to show how the curve 6 6^, c, is to be 
obtained. 

In treating of these curves in my previous writings, I have 
proceeded on the assumption that the maximum pressure of 
powder in a close vessel (gravimetric density = 1) was 43 tons 
per square inch, and in calculating the ordinates I have 
adopted iN'oble and Abel's formula 

70. These assumptions, although applicable to the old 
powders, cease to be so when the new smokeless powders are 
dealt with. The symbol a vanishes because the whole of the 
powder is gasified, and the index requires modification for 
the same reason. 

Moreover the numerical value of p^ = 43 cannot be in- 
variable, and is in fact not so even with the old powders. It 
must depend upon the relation between a given weight of 
the powder and the space which is exactly filled by that 
weight, which relation is not invariable. 

71. What is called gravimetric density = 1 (in France, 
density de chargement) expresses the fact that 1 cubic deci- 
metre of powder weighs 1 kilogramme, or 27*73 cubic inches 
1 pound ; but this depends upon the size of the grain. 
For instance, 1 cubic decimetre of the French powder de- 
signated F weighs 934 to 944 grammes, whilst of that 
designated A|^ it weighs 1150 grammes, so that the so-called 
gravimetric densities are as * 934 to 1 ' 150. 
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72. This difference is not taken into account by Noble and 
Abel, and it is of inconsiderable effect in dealing with the old 
powders, but with the new powders it mnst not be neglected. 

73. The initial pressure in a close vessel of given magnitude 
is of coui^se dependent on the ratio between the capacity of 
the vessel and the volume which the gas would occupy at 
atmospheric pressure. 

Now, the volume of gas is proportionate to the weight of 
powder. 

I have, therefore, in estimating the absolute pressure in a 
close vessel, taken the absolute volume of the charge, that 
is to say, the volume which it would occupy if it were a solid 
mass without interstices between the grains ; in other words, 
the volume as obtained from its absolute specific gravity. 

74. For instance, if the specific gravity of the powder be 

27*75 
1*66, the space occupied by 1 lb. would be -ttr^ = 17*75 

cubic inches, and gravimetric density = 1 in this sense 
would be when 17*75 cubic inches space were allowed for 
each pound of the charge. If then a charge so spaced were 
converted into gas, the resulting pressure would be the 
'* absolute " force of the powder. 

75. This being so, and the gases being then allowed to 
expand doing work, the pressures at any point of the expan- 
sion would be denoted by the relation 



-.(?y 



(3) 



where j?o is the absolute pressure ; 

Vq the original volume ; 

V the expanded volume ; 

p the pressure at the expanded volume ; 

y an index depending on the ratio of the specific 
heat at constant pressure to that at constant 
volume, and which, in the following investiga- 
tions, I take at 1*2.* 

♦ See Note A, Appendix. 

2 



20 



TEE ARTILLERY OF TEE FUTURE, 



76. Let, then (Fig. 4), \ denote the equivalent length of the 
charge considered solid!, P the absolute pressure, the curved 
line calculated from the above relation (3) will represent the 
pressures of the expanding gases, and if there were no loss 



Fio. 4. 







of heat and no passive resistances, the area of this curve from 
the ordinate P to the end would be the energy of the 
projectile per unit of area of the bore, and any ordinate 
such as j?, would represent the pressure at that part of the 
projectile's course. 

77. In the case of a gun the projectile does not start from 
\ but from a gi'eater distance Z, which is the equivalent 
length of the chamber as defined in § (56), but it is not 
retained at I until the pressure is p^ (that corresponding to 
the distance J). 

It moves on under an increasing pressure till it arrives at 
a certain distance along the chase, and then continues moving 
under a decreasing pressure to the end. 

78. If, then, the position of the point of maximum pressure 
and its value be known, we may calculate the energy 
imparted from that point forward, and if the energy pre- 
viously imparted be represented by an assumed function of 
the position and the magnitude of the maximum pressure, 
this, added to the other, will give the whole energy of the 
projectile, and from this the muzzle velocity may be 
obtained. 
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79. Consequently, if the absolute force of the powder and 
the maximum pressure be known, the velocity may be 
determined. 

80. It must, however, be ^ noted that the actual pressure 
on the base of the projectile at any moment, does not denote 
the pressure as given by the curve above described at the 
corresponding position of the projectile. That would be the 
case if the whole of the work done by the expanding gases 
were expended in giving motion to the projectile ; but such 
is not the case, a portion is lost in heating the gun, another 
portion in the expulsion and friction of the gaseous products, 
and other minor effects. 

81. Consequently, whatever be the percentage thus lost, a 
corresponding percentage must be added to the observed value 
of the maximum pressure, in order that the value so obtained 
shall really represent the value of the corresponding ordinate 
of the curve ; and consequently, when we come to estimate 
the velocity of the projectile, a corresponding deduction must 
be made from the energy as represented by the are^ of the 
curve. 

82. What this percentage should be, I am not in a position 
to say with certainty. In my treatise on ' Internal Ballistics ' 
I went into the subject at some length and arrived at the 
conclusion, which agreed pretty nearly with the facts of 
experiment, that with ordinary gunpowder the actual energy 
imparted to the projectile did not exceed 68 to 75 per cent, 
of the total energy of the powder. A large proportion of 
the loss was due to the friction and expulsion of the products 
of combustion. The loss from this cause was very much 
greater than it would be with the new powders, partly because 
the absolute weight of charge was very much greater, and 
partly because there can be little doubt that the coeflScient 
of friction of the products, less than half of which were really 
gaseous, must have been very much greater than that in the 
case of purely gaseous products such as arise from the new 
powders. 

83. From these considerations I have assumed in the 
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following inyestigations that with the new powden the loss 
of energy does not exceed 10 per cent, of the whole, and that 
90 per cent, is really imparted to the projectile. 

84 Consequently, I haye added one-ninth to the aotoal 
maximum pressure in making use of this as a bctar which, 
in the following formulaB, is denoted by r. 

85. These formulaB, which are for the determination of the 
maximum pressure and the total energy of a given charge of 
powder, have been arrived at from the experiments made 
with Nobel's powder by £mpp, as recorded in the ' Bevne 
d'Artillerie/ vol. xxxvi., 6th livraison of September 1889, 
containing the results of firing 468 rounds from 16 guns of 
calibres varying from 1 * 960 inch to 8 * 24 inches^ andof various 
lengths up to 40 calibres, with seven powders varying in 
thickness of grain from 0" • 0379 to 0" • 393. 

FoBtfULA FOB Maximum Fbessubb. 

86. From a careful analysis of these experiments I have 
arrived at the following formula approximately representing 
the maximum pressure on the base of the projectile : 

AW*«* 

in which 

W = weight of projectile ; 

w ss „ of charge ; 

B ss thickness of grain of powder ; 

I SB equivalent length of chamber, that is to say, the 

length of a cylinder of the same diameter as the 

calibre of the gun, and of the same capacity as 

the actual chamber ; 
e^ ss the corrected diameter of the bore, that is to say, 

the diameter of a circle of the same area as the 

hereof the gun, augmented by the grooves of the 

rifling. 
A as a constant for each kind of powder, depending on 

its composition and mode of manufacture. 

Unitibs, pounds and inches. 
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87. In the investigation of this formula I have followed 
the analogy of Sarrau's formula for the maximum pressure 
on the base of the projectile, viz. 

Ka^ArWw)* 
i> = ^r-^' 

(See * Internal ^allistios,' p. 88) 
in which K is a constant; a, the "characteristic" of the 

powder equal to \j- — J where / is the " force " of powder, 

a a factor depending on the form of the grain, and t the 
time of burning of a grain in free air. 
Consequently, 

T 

But the form of the grain in the Nobel powders used in the 
above experiments was the same, and so presumably was the 
composition, so that / a is constant and may be included 
in A. 

Also T is directly proportional to the thickness, and may 
therefore be represented by S. 

88. In the next place. A, in Sarrau's formula, is in English 

measures = -tw^j—^p ^^^ including the numerical factor in 
the constant A, and replacing A in Sarrau's formula by 
j—i 9 we get the expression given above. 

^ = -87^- (^> 

89. From a careful analysis of the experiments, the value 
of A may be taken at about 300, applying which value the 
resulting values of p agree very fairly with the observed 
maximum pressures.* 

90. The differences are, in fact, not greater than might 
reasonably be expected when there were differences in the 

* See Note B, Appendix. 
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brands of powder, as well as probable inaccuracy of interpre- 
tation of the observations made with the pressure gauges, 
which in some cases were Bodman's, and in others crusher 
gauges. 

91. Adopting this value of A, and adding, for reasons ex- 
plained in § (84), one-ninth to the results, we get the value 
of n as follows : — 






92. It is to be borne in mind that the value of 11 is not 
the actual pressure on the base of the projectile, but the pres- 
sure which would exist supposing that there were no loss 
by cooling or passive resistances. The ordinates of the 
pressure curves will therefore be in excess of the real pres- 
sures, and this excess will not be 10 per cent, uniformly 
throughout ; but in estimating the effective energy the total 
deduction to be made will be 10 per cent. 

Notwithstanding it will be best to consider that the real 
pressure to be resisted will be that denoted by 11, so that the 
calculated strength may always be in excess. 



Formula fob Total Energy. 

93. In addition to the notation adopted in § (86), 
Let X = equivalent length of the charge considered as a 

solid block of powder occupying a cylinder whose 

diameter is c^ at the spacing of 17*75 cubic 

inches to the pound of powder. 
L = length of travel of projectile. 
P = absolute pressure in tons per square inch. 
n = maximum pressure as defined by formula (6). 
a = distance travelled at the moment of the maximum 

pressure. 
y s= pressure at any point x from the origin of motion. 
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Then (I^. 5) 



' = -©' 

and the total area of the curve up to the muzzle is 



PX 



'/^''^ 



(7) 



and the area of the portion in front of the maximum ordi- 
nate nis 

y C^ + i 
V>?\ <B-7dar. (8) 

J » + a 

But 

and therefore 

1 



i+. = Q': 



(9) 



The integral of (8) between the limits is 



5P: 



-'{©-^V--('H.;'-} 
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and making y = 1 *2, this becomes 



6PX^' 



|q'^-. "(L+O'j (10) 



the area in front of the ordinate of maximum pressure. 

94. As was stated above, § (60), the equation of the curve 
behind the ordinate of maximum pressure is unknown, and 
is assumed to be such that the area bounded by it and the 
ordinate ir is equal to that of the fourth part of the area of 
an ellipse, the semi-axes of which are 11 and a, or '7854 11 a. 
Substituting for a its value from (9) we get the area 

•7864n{Q'''x-z}. (11) 

95. Adding together (10) and (11), and multiplying by 
•7854 c', the area of the bore, we get the total energy, 



E= -7864 0; 






+ -7854n{(^gj ^-l\Y (12) 

which is the total energy in inch-tons. Dividing this by 12 
gives the energy in foot-tons. Deducting one-tenth for loss 
by cooling and other resistances we get the energy of the 
projectile, and if W be taken in pounds, we get finally 

12 " 2^x2240' ^ r 

from which the muzzle velocity of the projectile V is 
obtained. 

The expression (12) may be put into a simpler form by 

making Z=n\ and L=m X, and observing that X= 

' 7854 e^ 
we get finally 

+ ''8Hn{0~-.j] (U) 
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and the energy per lb. of powder, 

+ -7864nJ(?)""-»|]. (16) 

96. To apply this formula it is necessary to determine the 
value of P for each kind of powder. This is done by obtain- 
ing the energy of the projectile from the average of a number 
of rounds, and then solving (12) for P. This gives the 
following relation : 

La67n^««(?^yP«».P= g + -7864nz|5^^ (16) 

where a, is the area of the bore, from which P may be found 
by approximation. 

97. In order to obtain the correct value of P from (16) a 
series of careful experiments are necessary with the same 
powder, so as to obtain the muzzle velocity and maximum 
pressure with a given charge. 

The experiments which are at my disposal being made 
with di£ferent brands of powder are consequently insufficient, 
but from a careful examination of them I am disposed to fix 
provisionally the value of P at 175 tons per square inch for 
the Nobel powdery which is therefore the value I have 
adopted in the verification given hereafter. 

98. This is the value of P supposing the powder to be in 

a solid block spaced at 17*75 inches to the pound. If, 

however, it were in the form of grains and occupied 27*75 

/17*71V** 
inches to the pound the pressure would be 175 ( j 

= 102 * 5 tons per square inch. 

99. From Sarrau and Veille's experiments with the crusher 
gauge, with gun-cotton, nitro-cellulose, and nitro-glycerine 
in ti^e form of dynamite, the pressure in a close vessel of 
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these explosivesy supposing them spaced at 27*73 inches to 
the pound, would be 

Nitro-ceUalose . . . . 118 * 6 tons per square inch. 

Gun-cotton .. .. 114*2 „ „ 

Dynamite .. .. 75*0 „ „ 

Average about .. 101*0 „ ,, 

Now these are analogous compounds to Nobel's powder, and 
the average result is very nearly that just arrived at by 
taking P = 175 as found above. It may therefore be 
inferred that the formulad as obtained from £rupp's experi- 
ments represent approximately the fact. 



Vebifioation of Foemula. 

100. It may be well to give an example of the application 
of the above formula by way of comparison with the actual 
results. For this purpose I take the 1 • 9681 inch gun of 
40 calibres, of which the following are the ballistic ele- 
ments : — 



CaUbre. 


Capacity of 
Gbamber. 


Travel of 
Projectile. 


Weight of 
Projectile. 


Weight of 
Charge. 


Thiclcoees 
of Grain. 


C/ 





L 


W 


w 


8 


2-0035 


53-68 


60" 


3-85 


0-66 


•079 



101. To find c, : 

Area of 1 * 9685 inches . . 
Add grooves 

Total area . . 

Therefore c, = y^?^^ 

102. To find Z and \ : 



8 * 045 square inches. 



•105 



3-150 



= («> 



•7854 



= 2-003 inches. 



and 



« = — = -TT^TF = 17-04 mches 
a 3-15 



X = 



to X 17-75 __ -66 X 17-75 
a, " 3-15 



= 3-7:21 inches. 
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103. To find n : 
By (6) (§ 91), 

IT = 800 

Log 300 =2-47712 
„ 8-85*= -29273 
„ -66^ = 1-72971 



8Zc* 



2-49916 
Deduct 1-38757 



(1 + i). 

Log -079 = - 2 •89763 

„ 17-04 = 1-28160 

■ „ 2-004* = 1-20844 



1-38757 



Logp = 1-16169 
Add Log 1-111 -04571 



= Log 14-51 = p 



Logn 1-20730 = Log 16-12 = If. 

The observed ralue of p was 14-42, which agrees very 
nearly with the calculated value of p. 
104. To find E the total energy : 
By (12) (§ 95), 

E = -7854 c; 



+ -7854 






Log5P = 2-94201 
„ X^« = -68474 



3-62675 
Add 
Log -0973 -2-98811 



2*61486 
= Log of 412 



Ut Term. 

Log P = 2 • 24304 Log 77 • 04^ = • 37734 
= 1 • 20730 „ Eecipl. - 1 • 62266 
= Log -4194 



P 

n 



= 1-03574 



/P\*166 

"(fi) = -''^'^ 
„ A» = -11412 



X'= -28674 



Log of BecipL - 1-71326 = Log -5167 
Deduct -4194 



•0973 
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2fM2 Term. 

^Q".= -86287 
„ X = -57062 




1-43349 = Log 27-18 
Dednct; » 17-04 


Log 10-09 
„ -7864 

» n 


10-09 
= 1-00889 
= - 1-89509 
= 1-20780 


y«lae of let term 
» 2nd „ 


1-10628 = Log 127 

412 
127-98 




589-78 


Log 689-73 «= 
Add Log- 7864. c,« = 


2-78217 
•49886 


Deduct Log 12 


8-23062 
1-07918 



2-16134 = Log 141-7 foot-tons. 

Total energy = 141 • 7 foot-tons. 
Deduct one-tenth 14 - 17 „ 



Energy of Projectile 127-63 foot-tons = Bj. 
105. To find muzzle velocity : 



V w~ 



2240 



^ /127-63 X 64-4 x 2240 ^-^ . ^ , 

\/ s-s~ = 2186 feet per second. 



106. The observed velocity at 164 feet from muzzle was 
2135 f.8., to which must be added the loss of velocity in 
passing through 164 feet, which according to Bashforth's 
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formula would be 53 feet per second, making the muzzle 
velocity 2188 feet per second, very nearly the same as the 
calculated velocity. The energy per pound of powder is 

— ^^— = 193*1 foot-tons. 

•DO 

107. The accordance between the results of calculation 
and observation in this case is certainly greater than could 
be expected under the circumstances; but the following 
table (I.) shows that in general there is such a degree of 
approximation as to justify the belief that the formula is 
correct in principle. 

It will be seen that the guns vary from 1"'9605 to 
8" '24 in calibre, and from 13 to 40 calibres in length, that 
the charges of powder vary from 0*297 to 48*5 lbs., and the 
size of grains from 0"-0395 to 0"-393, whilst the weight of 
projectile varies from 3 • 85 to 308 • 7 lbs. ; so that the ballistic 
elements vary through a very considerable range. 

It will be observed that the calculated results are 
generally a little too high, which points to an overestimate 
of P, or an underestimate of the losses ; but the differences 
are not important in any case. 

108. These examples, which are taken quite at random 
from the experiments, show that under very varying circum- 
stances the formula for energy gives results sufficiently in 
accordance with the observed results to justify the assump- 
tions which have been made. 

The differences are not greater than may arise from the 
facts that the brands of powder were different, and indeed 
there is ample evidence of this in the table of experiments 
themselves. 

For instance, taking the average of 21 rounds fired from 
the 2-952 gun on 17th February, 1890, with powder of 
September 1889, and comparing the pressures on the same 
day in the same gun with powder of February 1890, it will 
be found that the coefficient A in formula (6) is 6| per cent, 
higher with the powder of February 1890, than with that of 
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September 1889. It is therefore not surprising that dif- 
ferences should be found of the same order of magnitude 
in the above table of Verification. 



Cordite and Feenoh B.N. 

109. The information which has been made public 
respecting these powders is very scanty, so that the few 
remarks which I am able to make regarding them must be 
taken with all reserve. 

110. To begin with Cordite. The results of trials with 
the 12-pounder S-inch gun, and with the 6-inch Q.r. gun, 
have been published, as well as certain of the ballistic 
elements, such as weight of charge and projectile, length of 
gun, muzzle velocity, and, in the first instance, maximum 
pressure. 

111. Submitting these data aAd results to calculation, it 
would appear that the ultimate force of Cordite is. about 
160*7 tons per square inch. 

1 12. Assuming a similar formula for the maximum pressure 
as was arrived at for the Nobel powder, we get 

P^^,-j^, (17) 

in which A takes the place of ^ in formula (6) — a sub- 

o 

stitution which I am obliged to make through ignorance 

of the dimensions of the Cordite. 

From the experiments with the 12-pounder 3-inch gun, 

the value A^ is found to be 2935 ; therefore 

n = 2935^(l + i); 

and making use of this value and the above value of P in 
(12), and calculating with the given ballistic data, we get the 
following table of results : — 
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Table II. 



Konnds. 


Energy 
per lb. of 
powder. 


Muzzle Velocity. 


Pressures. 


Calculated.' Observed. 

1 


n 


P 


Observed. 


5 


fooNtons. 
280 


f. 8. 

1740 


f. 8. 

1751 


18-59 


16-73 


16-8 


10 and 11 


242 


1673 


1709 


15 17 


13-66 


14-4 


18 and 16 


271 


1654 


1697 


18-69 


16-82 


16-9 



113. Again, for the 6-inch Q.F. gun, fired with 19^ lbs. 
Cordite and 100-lb. projectile, 

The value of A, is found to be 1534, and 



n = 1534- 



Ic.' 



Making use of which and the value of P = 160*7, the cal- 
culation by (12) gives muzzle energy 4905 foot-tons, which 
gives muzzle velocity 2677 feet per second, which was within 
a few feet of the observed velocity. 

The energy per lb. of powder in this case was 
4905 



19-5 



= 251-6 foot-tons. 



114. The pressure p^ as calculated from the formula, is 
nearly 27 tons per square inch, which is much greater than 
is usually allowed at Woolwich. The observed pressure 
was not published, but the high muzzle velocity indicates 
a corresponding high pressure. 

B.N. Powder. 

115. The data in my possession regarding the new French 
powder are a little more extensive than those regarding 
Cordite. 

They consist of the results of firing — 

(A) Six rounds of B.N. Lot 1 from 3-937 inch gun. 

(B) Five „ B.N.Lot3 „ 3-937 „ 

(C) Nine „ B.N. „ 5-90 

(D) Six „ P.B.N. „ 10-92 
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116. From these I have deduced the following fonnula for 
the maximum pressure : — 

Group A .. .. p = 935 . , 

Wl a 

„ i, .. .. p = «36-^ 

Wl S 

„ c .. .. p = 5.U-^ 



D .. .. jp = 321 



lc,< 



The variation in the numerical coefficient is probably due 
partly' to a difference in the brand of powder, and partly to 
the difference in the form and size of the grain, respecting 
both of which no details are published. 

117. Employing the above formula for the pressure in 
formula (16), the following are the average results for the 
maximum force : — 







Tons per 






sq. inch. 


For Group A .. 


3'937inch gnn 


.. P = 108 3 


B .. 


» »» 


.. P = 90 


„ c .. 


.. 5-9 „ .. 


.. P = 133 


„ D .. 


.. 10-92 „ .. 


.. P = 102 



118. There thus appears to be considerable variation in 
the strength of these brands of powder, even in the same gun. 

For instance, in groups A and B, the difference is as 
12 to 10, and this is confirmed by a comparison of the 
energy imparted to the projectile for each lb. of powder. 
Taking for instance the last two rounds of group A, and com- 
paring them with the first two of group B, in which the weight 
of charge was approximately the same, and with the same 
weight of projectile, the energy per lb. of powder was 159 ' 5 
foot-tons in the first case, and 125 foot-tons in the second, or 
as 12 to 9-38, thus confirming the results in § (117). 
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Comparison of the Thbee Powders. 

119. The results above given may now be compared as 
regards ultimate force and energy per lb. of powder. 



I.— ULTmATB FOBCE = P. 

Nobel powder, average .. 

Cordite • „ 

B.N. Lot 1 in 3 • 987 inch gun . 
„ Lot 3 in 3 -937 „ 
„ in 5-9 „ 

P,B.N, in 10-92 



Tons per 
sq. inch. 

175-0 

f60-7 

108-3 

90-0 

133-0 

102-0 



120. 



II.— Ekkrot op Projectile per Lb. of Powder. 



Powder. 


Calibre. 


Length 

in 
calibres. 


Pn^ectile. 


Charge. 


Knergy 
per lb. of powder. 


Nobel 

Cordite 

B.N. 


5-9 
6-0 
5-9 


35 
40 
36 


lbs. 
113 

100 

94 


lbs. 
18-60 

19-50 

33- 


195 foot-tona 
255 „ 
140 „ 



The low effect of the B.N. powder is cliiefly due to the 
greatly increased charge, compared with the weight of 
projectile. 

121. I will therefore now give the results of calculations 
from the above formula under exactly similar conditions of 
firing, viz. : — 

Weight of charge 19-5 lbs. 

Weight of projectile 100 lbs. 

Travel of projectile 216-9 inches. 

Equivalent length of chamher .. .. 37-9 inches. 

Corrected calibre including grooves (c,) 6 - 061 inches. 



Making use in each case of the formula given above, 
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The following table represents the results : — 



• Name 
of 
Powder. 


p 

[Jltimate 
Force. 


Maximum 
Pressure on 
Projectile. 


MV 

Muzzle 
Velocity. 


E 

Energy of 
Projectile. 


E 

w 

Energy per lb. 

of Powder. 


Nobel 

Cordite 

B.N. 


tons per sq. in. 
175 

160-9 

133 


tons per sq. in. 
12-99 

26-10 

9-02 


feet per second. 
2433 

2677 

2068 


foot-tons. 
4105 

4967 ^ 

2965 


foot-tons. 
210-5 

254-7 

162-0 



122. It may appear at first sight strange that the useful 
efifect of the Cordite is greater than that of the Nobel 
powder, whilst the absolute force of the powder is less. The 
reason of this is that the Cordite is worked at a nauch higher 
maximum pressure; the advantage of which will be fully 
apparent in a subsequent part of this treatise. 
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CHAPTER IV. 

123. These results, I must again repeat, are not to be 
taken without reserve. The formulae by which they are 
obtained depend in some degree upon assumptions which I 
have no means of proving and which it may be well again 
to refer to. 

124. 1st. I have assumed that the absolute specific 
gravity of the three powders is the same, say about 1 * 65, or 
17 '75 cubic inches to the pound of powder, or what 
amounts to the same thing, that in each ease the absolute 
force of the powder is calculated for one and the same 
density of manufacture, and the value of \ in the formula is 
calculated for this density. 

2nd. That the effective pressure on the projectile is 10 
per cent, less than the pressure calculated on the hypothesis 
that there is no loss by cooling and passive resistances. 
This assumption may be erroneous, either in excess or 
defect, but it does not affect the relative values of the 
results. 

3rd. That the energy of the projectile may be repre- 
sented by the area of a curve such as has been described, 
one part of which is assumed to be equal to the fourth part 
of an ellipse of which the semi-axes are the maximum 
pressure ordinate and the distance moved by the projectile 
at the position of that ordinate, and the other part is the 
area of a curve of the form 



-(<T-.y 



(in which P is the absolute force of the powder, and 7 an index 
= 1*2) taken in front of the position of maximum pressure. 
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This assumption implies that after the projectile has reached 
a position where the pressure is represented by the corre- 
sponding ordinate of the curve, the whole of the charge has 
been converted into gaseous products. 

125. It is very often believed that the pressure curve is of a 
very different form from that which represents my assump- 
tion, and that owing to the continued combustion of the charge 
during the passage of the projectile an approach to a mean 
uniform pressure is obtained. 

126. In a preceding section (§ 45) I have alluded to 
certain pressure curves given by Maj.-Gen. Wardell, E.A., 
in his * Handbook of Gunpowder and Gun-cotton/ 1888. 

No reference to these curves is given in the text, but they 
are contained in a plate, inserted at p. 67, bearing the 
title, " Pressure Curves for Black and Brown Powder." 

They are four in number, and purport to be the pressure 
curves under the following conditions : — 

B.L.G. Powder in 10 -inch R M.L. gun. 
* j> » u*o ,j I, „ 

Black Prismatic „ 9 • 2 „ R.B.L. „ 
Brown Prismatic „ 9 • 2 „ „ „ , 

127. It is to the two latter curves that I will confine my 
attention, because they refer to the same gun, and I now 
reproduce them (Figs. 6 and 7), altering the scale for the 
sake of convenience. 

128. Taking first the diagram for 140 lbs. Black Prismatic, 
Fig. 6. The full line is Gen. Wardell's curve, and the dotted 
lines the curves according to Noble and Abel's formula. 

The respective areas are 

WardeU's curve 142-60 

Noble and Abel 154-36 

which multiplied by 66*47, the area of the base, gives the 

energy 

Wardell's curve .. .. .. 9479 foot-tons. 

Noble and Abel 10258 „ 
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129. For black prismatic powder, I have generally found 
that the useM effect on the projectile varies from 75 to 
80 per cent, of the whole energy. Assuming this to be 78 



Fig. 6. 




per cent, the velocities as derived from the above energies 
will be 

By Wardell's curve .. .. 1680 feet per second. 

„ Noble and AbeFs curve .. 1723 „ „ 

The observed velocity was 1708 feet per second. 



Fig. 7. 




130. For the (curve, Fig. 7, for' IBO^lbs. Brown Prismatic 
the respective areas are 

By Warden's curve U6-3 

„ Noble aud Abel's curve .. 150*35 
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which multiplied by 66*47, the area of the base, gives the 
energy 

By Warden's curve .. .* 9725 foot-tons. 

„ Noble and Abel's .. .. 9992 „ „ 

The useful efifect with brown powder I have found to be 
about 90 per cent, of the curve energy, and taking this, the 
deduced velocities will be 

By Warden's curve .. x .. 1835 feet per second. 
„ Noble and Abel's.. .. 1865 „ „ 

The observed velocity .. 1798 „ „ 

131. It thus appears that the velocities with both pow- 
ders, as deduced from Noble and Abel's curve, are nearly 
the same as those from Wardell's curves, whilst, as com- 
pared with the observed velocities, they are nearly the same 
with the black powder, but about 2J per cent, greater with 
the brown powder. 

132. Practically, then, the two sets of curves give the 
same result, and so far there is nothing to be said against 
Warden's curves. 

133. If, however, the curves be examined from another 
point of view, it will appear diflBcult to believe that Wardell's 
curves can really represent the pressures. 

134. Taking first the curve for the black powder. When 
the projectile has moved 4 feet, which corresponds to two 
expansions, the pressure by Wardell's curve is about 17 • 
tons per square inch, and, assuming the whole of the powder 
to be burnt, this corresponds to a pressure of 11 -80 tons per 
squafe inch by Noble and Abel's formula. 

135. Again, when the projectile has moved 13| feet, 
corresponding to four expansions, the pressure by Wardell's 
curve is about 2J tons per square inch, whilst by Noble and 
Abel's formula it should be 4*70 tons per square inch. 

136. Again, for the brown powder, when the projectile has 
arrived at 6*4 feet, corresponding to 2*50 expansions, the 
pressures are 

By Wardell's curve .. .. 11*4 tons per sq. in. 

,, Noble and Abel's curve .. 8*57,, „ 
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And when the projectile has moved 15 feet the pressures are 

By Warden's curve .. .. 2*73 tons per sq. in. 

„ Noble and Abel's curve .. 4*60 „ „ „ 

137. It is evident that these differences are inconsistent 
with any simply mechanical law connecting pressure with 
expansion. 

138. If Warden's curves be correct, the rate of combustion 
of the powder must be exceedingly erratic. 

With the black powder, the pressure falls from 19J tons to 
8 tons, whilst the projectile moves 3 J feet (i.e. from 2i to 6 
feet). It then remains nearly stationary whilst the projectile 
moves 2 feet (from 6 to 8 feet), and then falls from 8 to 2^ 
tons whilst the projectile moves 5 J feet (from 8 to 13J feet). 

139. With the brown powder, the pressure falls from 14 
tons to 12 tons whilst the projectile moves 2 feet (2 to 4 
feet), then falls about 1 ton whilst the projectile moves 
4 feet (from 4 to 8 feet), and again falls from 11 tons to 
2| tons whilst the projectile moves 7 feet (from 8 feet to 
15 feet). 

140. Now the pressure is a function of the evolution of 
gas, and an inverse function of the space, and it seems 
incredible that any mathematical function can represent 
such anomalous variations of pressure as are shown in General 
Warden's curves. 

141. It is of course possible to imagine the possibility of 
these variations if the question be considered from the point 
of view of chemical energy. It is possible to conceive develop- 
ments of energy, arising from such phenomena as Dissocia- 
tion and other laws of what is called in France " Mecanique 
Chimique," but if such laws give rise to such variations as 
are shown by Wardell's curves, the determination of the 
pressures in a gun would appear to be a hopeless endeavour, 
and gun construction, so far as regards the strength of the 
chase, to be hardly within the range of practical science.* 

142. On the other hand, the formuleD which I have sug- 

• See Note C, Appendix. 



AND TEE NEW POWDERS. 



43 



gested rest upon a rational basis, and give results which 
are in satisfactory accordance with those of experiment. 

143. As an instance of this I will now give an example of 
their application, and for this purpose will take the use of 
Cordite in the 3-inch 12-pounder gun already referred to in 
§(110). 

144. Application of Formula to S-ineh gun. 



Bounds 13 and 14. 

Ballistic Eliements. 



c, 


A 


{ 


L 


w 


w 


P 


3-026 


2-16 


6-05 


75- 


12-5 


•875 


160-7 



To find maximum pressure on base of projectile. 

2935W^^' _ ^.^ . , 

p = — ^ = 16 '82 tons per sq. men. 

Add A 1-98 



Gives n = 18-80 „ „ 

Making use of which in formula (12), we get 

E = 282-2 foot-tons 
Deduct T?^ 28-2 



Energy of projectile 264 - 



/ 254 X 2 ^ 
and Muzzle yelocity = /y/ ^ ooa7\ ~ ^^•'•^ ^®®* P®^ second, 



145. These results agree very well with the experimental 
result as appears below : — 



Calculated velocity .. 
Observed „ 
Calculated pressure -.. 
Observed „ 



1712 feet per second. 
1697 „ 

16*82 tons per sq. inch. 
16-90 „ 



146. To construct the pressure curve we have the equation 
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n = 160-7/=-^) where \ = 2*16, I = 6*05, and x is 

any distance from the origin of motion, and p the pressure 
on the projectile = ^ 11. 

Fig. 8. 




147. In this way the curve Fig. 8 has been constructed, 
the dotted lines showing the values of 11, and the full lines 
those of jp, the effective pressure on the base of the projectile. 
The area of the fall line multiplied by the area of the base 
gives the energy of the projectile = 254 foot-tons, corre- 
sponding to a velocity of 1712 feet per second, which is only 
15 feet per second above the observed velocity. Conse- 
quently, the curve really represents the actual energy of 
the gases. 

148. How far it agrees with the results given by the 
crusher gauges I am not in a position to say, but the com- 
parison can easily be made by those who have the actual 
results in their possession. 

149. In the comparison between the three powders given 
in §§ (119) and the following, it is not intended that the 
figures given with respect to the Cordite and French powders 
shall be accepted as actual facts. As regards the Nobel 
powder, they probably approach nearly to the truth, whilst 
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in the case of the other two powders they are little more 
than suggestive. It is very possible that the absolute 
specific gravity of these two powders may be greater or less 
than 1'56, which would of course involve a corresponding 
variation in the value of P, the absolute force of the 
powder. 

150. Again, the formula for the maximum pressure is not 
snflBciently explicit for general use. It does not contain 
explicitly either the dimensions or the form of grain, so that 
it is only applicable to the particular guns which in each 
case were employed, and moreover, it is quite possible that 
there may be a variation in the index of w, that is to say 
that this index may be different with different powders. I 
could only use such results as were in my possession for the 
Cordite and the French powders, whilst with the Nobel 
powder I had a large number of experiments, in which the 
ballistic elements varied to a very considerable extent ; but 
the results arrived at with this latter powder are, I think, 
such as to justify the method adopted, and to lead to the 
belief that with a sufficiency of data this method maybe 
equally applied to the other powders, and that by its appli- 
cation to the data famished by carefully conducted experi- 
ments, formulae may be constructed, for each description of 
powder, which will give the solution of the ballistic problems 
such as the muzzle velocity, the maximum pressure, and the 
rate, of variation of the pressure as the projectile passes 
along to the muzzle of the gun. 

151. This last is perhaps the most important of the three 
as regards gun construction, and it is certainly the one about 
which least is known; 

152. I am quite &ee to admit that I can give no actual 
proof that my formula really represents the actual variation 
of pressure. 

In fact, this will probably be strenuously denied by those 
whose notions about slow-burning powder have convinced 
them that the form of the pressure curve mainly depends 
upon the continuance of the combustion of the charge 
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during nearly the whole time of the passage of the pro- 
jectile along the chase. 

153. But what does this involve, and on what evidence 
does it rest? I think mainly on the evidence of such curves 
as those given above (§ § 43 and 127). 

If these curves really represent the pressures, we must 
conclude that for each kind of powder there must be a 
dififerently proportioned chase. For the Black Prismatic the 
greatest thickness of the chase should be about 3 feet in 
front of the powder chamber. At the end of the next 3 feet 
it would require to be less than half the strength, and con- 
tinue so for a length of about 2J feet. Then, for a length of 
about 5J feet the strength would decrease to about one- 
fourth of the original strength, and continue so to the 
muzzle of the gun. 

154. It is further obvious that if this curve be correct the 
last 4 feet of the chase is of very little use, since the increase 
of energy due to it is only 403 foot-tons, corresponding to 
an increase of 47 feet per second in velocity. 

155. Moreover a gun constructed for this powder would be 
altogether unsuited for the charge of brown powder shown 
in the other curve. For instance, at 7 feet from the 
chamber, the black powder gun would have to resist a strain 
of 6| tons per square inch, whereas at the corresponding 
point in the brown powder gun the strain would be 11 J tons 
per square inch. 

156. Again, with the brown powder gun the effect of 
cutting off 6 feet of the chase would only be to decrease the 
velocity by about 70 feet per second. 

157. Of course the guns could be constructed to suit one 
powder or the other, but the point to be noted is that, if the 
pressure curves be really such as these, there appears to 
be no possibility of knowing what the distribution of 
pressure will be in any particular nature of gun or with any 
particular brand of powder in that gtm. 

158. The assumptions which I have made regarding the 
pressures in the chase corresponding to different positions of 
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the projectile, and the derivative formulse, fully account for 
the ballistic results, and the presumption therefore is that 
these pressures may be adopted as a safe guide to the 
required strength of the chase. 

159. The real pressures may possibly be less than those 
given by the formula in the vicinity of the maximum, but 
they cannot possibly be greater, and it is for this reason 
that the latter are reliable and ought to be useful in calcu- 
lating the strength of the chase of a gun. 
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CHAPTER V. 

160. It may now be inquired what will be the probable 
effect of these new powders on the future of gun construction, 
and what the possibilities of future artillery practice. 

161. It is beyond doubt that these powders must supersede 
ere long the old black and brown powders, and that quite 
independently of the advantage of their smokelessness. The 
most striking feature is that of their vastly superior force. 

The E.X.E. powder, which till recently was considered to 
be the best' powder for heavy guns, only gave about 60 foot- 
tons of energy per pound of powder in the 6-inch gun. 

The Brown Prismatic gave the following energy per pound 
of powder : — 



la 110 ton 16*25 inch gnn 


.. 68-1 foot-tons. 


„ 67 „ 13-60 „ .. 


.. 57-6 „ 


„ 29 „ 10-0 „ .. 


.. 61-1 „ 


„ U „ 8-0 „ .. 


.. 58-0 „ 



Average .. .. .. 61*2 „ 

Whilst, as shown before (§ 121), the energy in a 6-inch gun 
with the new powders was — 

Cordite 254 • 7 foot-tons. 

Nobers Powder 210-6 

French B.N 152-0 

If, therefore, the average of the brown powder be taken as 
unity, the strength of the others will be — 

Cordite 4-16 

Nobers 3-44 

French B.N 2-48 



AND THE NEW POWDERS, 49 

162. From this it follows that the weight and size of the 
cartridges may be much less than with the old powders. 

This is in itself a great advantage, both as regards the 
handling and the storage of the ammunition. 

163. In the next place, it will most likely be found that 
the erosion of the gun will be considerably less, inasmuch as 
the products of combustion are almost entirely gaseous, 
instead of being mixed, as in the old powders, with more than 
half their weight of non-gaseous matter. 

164. Let us now consider how gun design and construc- 
tion will be affected by a change to the new powders. 

To begin with, the present enlarged chambers will no 
longer be required. 

The present 6-inch gun has a chamber of' 1364 cubic 
inches capacity, a diameter of 8 inches, and a length of 
about 26J inches from the obturator head. It will contain 
54 lbs. of E.X.E. powder, and will give to a 100 lb. pro- 
jectile a velocity of 2150 feet per second, with a maximum 
pressure of 19^ tons per square inch. 

165. This represents an energy of 3200 foot-tons. The 
same energy might be given with 12*57 lbs. of Cordite, 
which would occupy a space of 315 cubic inches, and sup- 
posing the diameter of the chamber to be 6*4 inches, the 
length of the charge would be 9*87 inches. 

The length of the chamber would of course be greater, 
and would depend upon what was fixed on as the maximum 
pressure. 

166. Let this be fixed at .19*6 tons per square inch, the 
same as with the 54 lbs. of E.X.E., then the equivalent 
length of the chamber would be 23*18 inches. If, however, 
the maximum pressure were fixed at 27 tons per square 
inch, the equivalent length of chamber would be only 16*83 
inches, or about 10 inches less than in the present 6-inch 
gun.* 



* The equivalent length of chamber is dependent on the maximum pres- 
biire, and is determined by means of the formula (6) § 91. 
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167. The strains upon the breech blocks would be respec- 
tively 

In the present gun with pressure 19*5 tons ., 980 tons. 
In the new „ „ „ 27-0 „ .. 868 „ 

So that the extra pressure really strains the breech apparatus 
and the jacket less than in the present gun. 

168. There are two ways in which the pressure may be 
modified whilst the charge of powder and weight of pro- 
jectile remain unchanged. 

The formula for the maximum pressure is, as shown in 
formula (17) § 112, 

in which if W^ w^ and c, are constant, p may be modified 
by an alteration ot either A, or Z. 

I is the equivalent length of the chamber, and it is evident 
that by increasing it the maximum pressure will be reduced. 

169. The factor A^ is not an absolute constant even for 
powders of identical composition. It includes the form and 
dimensions of grain (which with Cordite is represented by the 

A 

diameter) and corresponds to the factor -r- in the formula (6) 

o 

for Nobel powder. 

Consequently, by increasing the diameter of the Cordite, 
the value of ^ will be lessened. 

It therefore follows that the pressure may be decreased, 
either by an increase of the length of chamber, or by an 
increase of the diameter of the Cordite, and it may be shown 
that the latter method is the most advantageous as regards 
ballistic efiect. 

This it is not diflBcult to see from the formula itself, 
but it will be more evident from an example to which the 
formula is applied. 

170. For instance, let us take the 6-inch gun of 40 calibres, 
and assume that the maximum pressure is to be 80 tons per 
square inch. 

Let the value of A, be as before 1534, and let the 
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equivalent length of chamber be 37*5 inches. Then it will 
be found by formula (17) that to give a pressure ^ = 30 tons 
the weight of charge would be 21 • 39 lbs. of Cordite. Under 
these circumstances the projectile of 100 lbs. would acquire 
a velocity of 2839 feet per second, and a muzzle energy of 
5587 foot-tons, or 261 foot-tons per pound of powder. 

171. Let us now take the same gun, the same charge, 
and the same projectile, but suppose that by reducing the 
value of A, the same pressure of 30 tons is obtained in a 
chamber of one-half the length ; it will now be found that the 
muzzle velocity will be 3050 feet per second, and the muzzle 
energy 6447 foot-tons, or 301 foot-tons per pound of powder. 

172. The advantages of a high maximum pressure will, 
however, become more evident if we compare a gun working 
with the pressures now in general use in this country, or 
about 17 tons per square inch, with the same gun working at 
a pressure of 30 tons per square inch. 

173. In making this comparison I will take the Nobel 
powder rather than the Cordite, because the published 
information regarding it is much more extensive. 

174. Reverting again to the formula for pressure 



which contains explicitly the size of the grain, it will be 
seen that, for a powder of the same composition, if the 
same projectile be used, in the same gun, the pressure varies 



w 



as ^ ; consequently, by varying any one or more of these 

symbols we may obtain any desired pressure. 

175. To illustrate this I will take the 8-24-inch gun of 
35 calibres, with the following ballistic elements : — 



c, 


\ 


I 


L 


W 


w 


P 


P 


n 


8 


S-306 


16-00 


68 14 218 


308-7 


48-5 


175 


13-94 


15-44 


•393 



E 2 
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Making use of formulaD (6) and (12), we find : — 

Energy of projectile .. ., 8678 foot-tons 

„ per lb. of powder .. 177*0 „ 

Mazzle velocity .. .. 2002* feet per second. 

Penetration of wrought iron .. 19 • 13 inches. 

176. If now the pressure be doubled by reducing the 
length of the chamber, using the same weight of charge, we 
get:— 

Energy of projectile 13,077 foot-tons. 

„ per lb. of powder .. 269*7 „ 

Muzzle velocity .. .. .. 2472 feet per second. 

Penetration of wrought iron .. 23*61 inches. 

177. In the next place, if the original length of chamber 
be retained, and the pressure be doubled by increasing the 
weight of charge, it will be found that the charge required 
will be 76 '69 lbs., and the following will be the ballistic 
results : — 

Energy of projectile .. .. 16,866 foot-tons. 

„ per lb, of powder .. 206*3 „ 

Muzzle velocity .. .. .. 2723 feet per second. 

Penetration of wrought iron .. 26 * 24 inches. 

178. Lastly, if instead of the size of grain 8 being '393, 
we make it "500, the weight of charge required to give the 
same double pressure will be found to be 90*26 lbs., and the 
ballistic results — 

Energy of projectile .. .. 17,703 foot-tons. 

„ per lb. of powder .. 196*7 „ 

Muzzle velocity .. .. .. 2876 feet per second. 

Penetration of wrought iron 27 • 78 inches. 

179. From this it is seen that the best ballistic effect is 
obtained by retaining the larger chamber, and increasing 
the weight of charge and the size of grain of the powder. 

Thus by increasing the working pressure in this way, we 

• The observed velocity was 2005 feet per second. 
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have with the same gun obtained the following advan- 
tages : — 

Increase in muzzle velocity from 2002 to 2,876 feet per second. 
„ energy „ 8678 to 17,703 
„ „ penetration „ 19*13 to 1*7 '78 inches. 

180. This gun would weigh only 15 tons, and yet its 
power of penetration is within 10 per cent, of that of the 
13 • 5 inch Woolwich gun weighing 67 tons, and is 12 per 
cent, greater than the \24nch gun of ^ tons. 

181. This naturally leads to the conclusion that by 
adopting the high-pressure system, ballistic results equal to 
those obtained from the existing guns may be got from 
much shorter guns, constructed for the new powders, 

182. It may be said that in the preceding paragraphs 
the comparison has been made between existing guns firing 
the old powders and other guns firing the new powders, and 
this is no doubt true, but the reason is that, as I have shown 
elsewhere, the existing guns are too weak to permit of the 
high pressures which may be obtained from the new 
powders. 

183. The eflfect of the length of gun will be best 
illustrated by an example. 

What, for instance, would be the result of reducing the 
length of the 8-24-inch gun, above referred to (§ 177) by 
5 feet? 

It would reduce the muzzle velocity from 2723 feet to 
2483 feet, which would still exceed that of the low-pressure 
gun by 367 feet per second, the total length of the gun 
being reduced from 24 feet to 19 feet, which is about 2 feet 
less than the 8-inch Woolwich gun. 

184. The weights of the two guns would be about the 
same, whilst the muzzle energies would be about as 
follows : — 

Woolwich 8-inch gun .. .. 7,060 foot-tons. 

New 8-24-inch gun .. .. 13,190 „ 
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185. In order to compare the power of guns working 
with the new powders at high pressure, with the present new 
type guns working with Brown Prismatic or E.X.E. powder, 
I will compare the 12-inch gun of 45 tons with a gun of 
the same weight and length, working with Nobel powder, at 
a pressure of about 30 tons per square inch, and of which the 
following are the ballistic elements : — 
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186. The comparative results are given in the following 
table :— 



Calibre of gun (inches) 

Total length oyer all (inches) 

Weight (tons) .. 

„ of projectile G^O 

„ „ charge (lbs.) 

Muzzle velocity (feet per sec.) 

„ energy (foot-tons) 

Maximum pressure (tons per sq. in.) 

Penetration of iron at muzzle by Maitland's 
formula (inches) . . « 

Do. at 1000 yds 



Woolwich 
MabkV. 



12 

328-5 

45 

714 

295 B. Pr. 

1910 

18,060 

17-5 

22-5 
20-6 



New Gon. 



12 

327 

45 

900 

200 Nobel 

2517 

39,537 

29-69 

34-00 
31-44 



187. I will next give an example to show how, by the 
increase of pressure, the length of the gun may be reduced 
and yet the ballistic eflfect be increased, and for this purpose 
I will compare the present Woolwich 12-inch gun, Mark V., 
of 27 feet 4i inches in length, with a proposed new gun of 
20 feet 2^ inches, both firing the same weight of projectile 
and approximately the same weight of charge of Nobel's 
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powder, the Woolwich gun working under a maximum 
pressure of 17^ tons, and the new gun of 29*65 tons per 
square inch. 

188. The following table shows the results. 



Woolwich 
Mask V^. 



New Gnn. 



Total length over all (inches) 

Weight (tons) 

Weight of projectile (lbs.) 

Weight of charge, Nobel powder (lbs.) . . 

Maximum pressure (tons) 

Muzzle velocity (feet per sec.) 

Muzzle energy (foot-tons) . . 

Penetration at muzzle, Maitland's formula 
(inches) 

Do. at 1000 yards (inches) . . . . 



828-5 
45 
900 

148-7 
17-5 
2064 

26,589 

27-58 
25*60 



242-5 
45 
900 

147-4 

29-65 
2285 

32,571 

30-71 
28-90 



189. The ballistic elements of these guns are as 
follows : — 
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255 
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New gun 


12-1 


22-80 


40 00 


180 


900 


147-4 


•500 



The new gun being about 7 feet shorter than the 
Woolwich gun, might be made very much lighter, but this 
would not be advisable. It would be much better to make 
it even heavier, say about 50 tons, putting the extra weight 
into the chase, so as to give a better defence against quick- 
firing guns of small calibre, and at the same time relieving 
to some extent the strain upon the gun mounting. 

190. The above tables demand the most serious attention 
from those to whom is entrusted the armament of our forces, 
naval and military. 
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The results contained therein point to nothing less than 
the entire reconstruction of ov/r heavy armament. If it be 
true that a 12-inch gun can be made, as is shown in the 
table § (186), to develop 39,537 foot-tons of energy, piercing 
34 inches of iron, whilst the present 12-inch gun of the same 
weight and length can only develop 18,060 foot-tons and 
pierce 22-5 inches of iron, it surely is a serious question 
whether the present guns can be considered as eflScient 
guns. 

191. If again, a gun of 20 feet length can be made to 
pierce 30*71 inches of iron, whilst the present gun of 27 
feet length cannot pierce more than 27 • 58 inches, this surely 
again raises the same question. 

192. But, in truth, the question goes beyond this. The 
results shown in these tables depend on the assumption that 
the present guns (which certainly have no excess of strength 
for the maximum pressure of 17^ tons arising from Brown 
Prismatic or E.X.E. powder) will be strong enough for the 
maximum pressure arising from the new powders. 

193. But th^s by no means follows. The new powders 
develop pressures in the chase of the gun, greatly exceeding • 
those at corresponding points when the old powders are used, 
so that although the present guns may be strong enough to 
resist the pressure of 17^ tons in the vicinity of the 
chamber, they are much too weak in the front part of the 
chase to resist the pressure which would be developed at 
that point from the charge of 148*7 lbs. Nobel powder, 
which is supposed to be used in the comparison made in table, 
§ (188). 

194. This will be very apparent from the following 
diagram. Fig. 9. 

The full line shows the pressure with 295 lbs. Brown 
Prismatic powder. The energy as deduced from the curve 
is about 18,060 foot-tons, allowing 10 per cent, for resis- 
tances. This would give a muzzle velocity of 1710 feet per 
second with a 900 lb. projectile. 

The upper dotted line shows the pressure in the same 
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gun with 93 lbs. of Nobel powder, which would give the same 
maximum pressure of 17i tons per square inch, but would 
develop 23,931 foot-tons of energy and 'give a muzzle 
velocity of 1958 feet per second. It is evident that if the 



Fio. 9. 




gun is made to bear the pressure of the 295 lbs. Brown 
Prismatic it is by far too weak to bear those of the 92 • 92 lbs. 
of Nobel. 

195. It may, however, be asked, what would be the 
pressure, if a reduced charge of Nobel powder be used, so as 
to give the same maximum pressure of 17i tons and the 
same muzzle energy as the 295 lbs. Brown Prismatic ? 

196. In order to do this the charge would be 62 lbs. 
Nobel powder, but to obtain the 17i tons of maximum 
pressure with this charge it would be necessary to reduce 
the size of the chamber. By formula (6) it may be found 
that the equivalent length of chamber with this charge, and 
the pressure of 17*5 tons, would be 23*42 inches, or only 
about one-third of the equivalent length of the chamber of 
the present gun. 

197. With this reduced chamber ^.nd 62 lbs. charge, the 
pressures are denoted by the lower dotted line, which gives 
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the same energy and the same muzzle velocity as the 
295 lbs, of Brown Prismatic. 

198. It will be seen that with this low charge of Nobel 
powder, the chase of the present gun will be suflBciently 
strong, except just at about 3 feet from the end of the 
reduced chamber. 

199. No doubt, in this case, there is the advantage of a 
greatly reduced weight of charge and probably a reduced 
erosion, but there is no increase ofhallistio effect 

200. If the latter be aimed at, the charge of powder 
must be increased, and the chase will no longer be able to 
resist the pressure. 

201. The conclusion therefore is, that with the present 
guns no great increase of ballistic effect will be possible with 
the new powder. 

202. But it has previously been shown (§ 188), that with 
a gun properly designed for the use of high pressure, using 
about half the weight of Nobel powder, instead of the 
charge of Brown Prismatic, the ballistic effect may be raised 
from 18,060 to 32,571 foot-tons, although the gun is 7 feet 
shorter than the present 12-inch gun. 
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CHAPTEE VL 

203. The conclusions arrived at in the preceding pages 
have very far reaching import-. Were they mere specula- 
tive opinions they would be very suggestive, but they can- 
not fairly be viewed in this light They are altogether 
based on calculations, the formulae for which are given and 
explained. 

204. These formulae are, it is true, in some degree based 
on hypotheses, but the hypotheses are rational, and not 
imaginary, and the formulae are shown to give results very 
fairly in accordance with experimental facts as regards the 
Nobel powder. 

The experimental facts in my possession regarding the 
French B.N. powder and the English Cordite are too few 
to form the basis of an independent investigation, but I 
have shown that, so far as they extend, they do not disagree 
with the results arrived at from the Nobel powder 
formula. 

205. These latter, be it remembered, extend to no less 
than 468 experiments made with powder of diflferent brands 
though of the same composition, in grains varying from 
• 0395 inches to • 393 inches in thickness, fired from guns 
of l"-969, 2"-362, 2"-952, 3"-09, 3"-43, 3"-78, 4"-74, 
5" '88 and 8" '24, with projectiles varying from 3*85 lbs. 
to 308*7 lbs., and charges varying from 0*35 lbs. to 48*50 
lbs. 

206. The constants used in the formula have been 
derived from a careful analysis of the whole of the 468 
rounds fired from 16 diflerent guns, and the results calcu- 
lated bv the formula thus constructed have been found to 
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agree as satisfactorily as could be expected with the actually 
shown results. 

207. It may therefore be asserted of the conclusions 
arrived at, that they represent approximately the actual 
facts attendant on the use of the Nobel powder, and that in 
all probability the results from B.N. and Cordite would be 
very similar. 

208. This being so, very grave consequences result, no 
less than an entire reconstruction of our artillery. 

209. If a gun of 12-inch calibre, weighing from 45 to 50 
tons, and not exceeding 20 feet long over all, can be made 
to pierce 31 inches of iron at the muzzle, or 29 inches at 
1000 yards, then I maintain that such guns as the 110-ton 
gun of 44 feet, and the 67-ton gun of 36 feet must become 
obsolete weapons. 

210. Indeed it is questionable whether even a 12-inch 
gun, such as has been described, is not too large for general 
use. 

It has been shown (§ 178) that a S^-inch gun, weighing 
about 16 tons, and firing 90 lbs. of Nobel powder, will 
impart to a 308-lb. projectile a velocity of 2876 feet per 
second, and will pierce 27*78 inches of iron. Six of such 
guns might replace one 110-ton gun, and would give a 
collective muzzle energy of 106,218 foot-tons as compared 
with the 56,000 tons of the 110-ton gun, whilst the weight 
of powder used would be 540 lbs. against 900 lbs. respec- 
tively. 

211. Such guns as are here proposed might easily be 
mounted on disappearing carriages, and would thus be 
comparatively safe against the attack of quick-firing guns, 
which will form a very important feature * in the armament 
of the future, and by a moderate increase in the weight of 
the gun, by thickening the chase, they would be invulnerable 
to many projectiles which would put the present guns out of 
action. 

212. The fundamental principle which is involved in 
such a change is the adoption of a high pressure such as 
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30 tons per square inch, instead of the present regulation 
pressure of 17i tons per square inch. 

213. This principle I have advocated for very many- 
years, almost single-handed — indeed, with the exception of 
one eminent oflBcer, General Brackenbury, I may say quite 
alone. In a paper read by him at the Royal United Service 
Institution, 1884, on " Gunpowder considered as the Spirit of 
Artillery," he said, " We constantly hear that a gun has been 
produced which will do this or that, yet it is not the gun 
which does it but the gunpowder. There is not a single 
gun actually adopted for service in any country which is 
not, by its weakness, a hindrance to the full action of the 
Spirit of Artillery. When gun-makers say that their gun 
will produce a certain eflFect provided that a suitable powder 
be found for it, they mean, provided that the strength of the 
powder be restrained, cribbed, cabined, and confined to suit 
the weakness of the gun. We sometimes see in human life 
a great and strong spirit tear to pieces a feeble frame which 
contains it, and we do not say, * What a pity that the spirit 
is so strong,' but rather, * How sad that the body is so weak.' 
In the case of artillery we are always subduing and 
taming the spirit instead of strengthening the body." 

214. General Brackenbury, when he used this language, 
was Superintendent of the Royal Gunpowder Factory at 
Waltham Abbey. 

When I quoted his remarks at the Institution of Civil 
Engineers, in March 1884, Colonel Maitland, then Superin- 
tendent of the Royal Gun Factory, said that he did not 
agree with his fellow superintendent of the Gunpowder Fac- 
tory. He said that he foimd that powder-makers liked very 
strong guns because they did not make their powder very 
regular or keep it under control ; but he thought that they 
had attained with their slow burning powder a very great 
deal more energy per ton of gun than was ever done with 
the quick-burning powder. K that theory was right, why 
should they net at once take to gun-cotton ? That would be 
the next step ; if they could once control that, it would be 
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much better than powder, taking up much less space for an 
equal amount of gas. 

215. Now that is virtually what is being done, the 
smokeless powders being compounds analogous to gun-cotton, 
"brought under control.*' But how are they being dealt 
with ? Precisely as before, by taming their spirit, keeping 
down their power, by using them at low pressure, and 
obtaining the required ballistic effect by inordinately long 
guns. 

216. Upwards of thirty years ago I took exception to a 
statement made by the then Secretary of State for War, that 
rifled cannon required a weaker and slower powder than 
other guns, and remarked that such requirement could only 
be based on the fear that the guns were not strong enough 
to resist the increased strain. I have never seen reason to 
alter this opinion. I know that I stand opposed by the 
almost universal voice of gun-makers, and that ray long con- 
tinued endeavours to introduce a system of strong guns and 
high pressures have hitherto met with, to say the least, a 
very cool reception. 

217. As regards manufacturers, it is not difScult to see 
why. Until the last few years there was only one, the 
Elswick firm, which made guns for Government. At present 
there are three or four others, but all these firms have 
expended or are expending enormous amounts in plant, 
which, although necessary for the production of the present 
forged steel guns, will to a great extent be useless for the 
constraction of guns on the system I have so long advocated. 

Were my views adopted the expense for plant requisite 
for a gun factory would be comparatively small, a great 
amount of what has been expended would be of compara- 
tively little use, and the result would be that new gun 
factories, less heavily burdened with capital, would come 
into competition with the three or four existing companies. 

It is therefore not diflScult to understand why any en- 
deavours to introduce a new system have met with little 
favour from ordnance manufacturers. 



AND THE NEW POWDERS. 63 

218. Nor is it difficult to understand why it has been so 
(iooUy received by the officials of our Ordnance Depart- 
ment. A pervading principle in all official departments is 
" quieta non movere " ; but besides this is the fact, that as 
regards our own administration, it may well be doubted 
whether it is so constituted as to conduce to the real 
advancement of artillery science. 

219. How is such a change as I have spoken of above 
likely to be looked on by our officials in the Ordnance De- 
partment? It is not difficult to imagine the horror with 
which they will regard such a proposal as another reconstruc- 
tion of armament. " What I " they will exclaim ; *' sacrifice 
the magnificent forged steel guns which have cost us such 
enormous labour and expenditure of money to bring to 
perfection ? " 

220. It is no doubt a grievous prospect, but facts are 
facts however unpleasant in their aspects, and the statements 
I have above made represent what I believe will be in a 
very short time established facts. 

221. If so, that nation that first recognises the truth, 
will most profit by it, and will be in a position relative to 
other nations similar to that of the Prussians armed with 
the needle gun in the campaign of 1866. 

222. To England, as a naval power, the matter is of 
supreme importance, and I would that a more powerful 
voice than my own would insist upon the truth of my state- 
ments being brought to the proof of experience. 

The great moving force in this country, public opinion, 
cannot be brought to bear on a question of such a technical 
character, and my own personal experience, extending over 
some thirty years, with respect to such questions, is not such 
as to give me any hope that anything I may say or do will 
avail. 

223. It is more than thirty years since I first advocated the 
construction of strong guns, and showed how to make them, 
and at last it was not my own country, but Eussia, which 
undertook to make a gun on my own principle, and from my 
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own designs. This gun was eminently successful, having 
fired 1000 rounds in 1888 with heavy charges, and other and 
larger guns of the same design are now being made in Bussia. 

224. Since then another gun of the same size has been 
maHe from my design by Messrs. Easton and Anderson, and 
has been for many months at Shoeburyness, used, I believe, 
for powder trials. 

225. In fact, the practical success of the wire system 
is now an established fact. 

It has been adopted into the service and a large number 
of wire guns are now being built at Woolwich, 'but it is 
probable that they will be low-pressure guns of great length. 

226. Our Ordnance Department are not alone in their 
belief in low pressure. A very scientific officer of the 
French Artillery, who used to be a great advocate of the 
wire gun construction, wrote to me some time ago, that in 
his opinion, the raison dJetre of the wire system had 
almost disappeared in face of the brilliant results obtained 
wifh the French smokeless powder. As regards ballistic 
results merely — that is to say, the energy that may be given 
by a given weight of powder to a given projectile — ^there is 
truth in what he says, but it is a very different thing when 
practical gunnery is concerned. 

227. The great results they have got in France have 
been due to the enormous length of their new guns, guns of 
from 40 to 50 calibres in length, guns which I do not hesitate 
to say are quite unfitted for naval service, if indeed advisable 
anywhere. 

228. My contention is, that by the use of high pressure 
more efficient guns can be made of very moderate length, 
and that in actual warfare these long guns would be nowhere 
at all, in the presence of the powerful short guns which I 
am now advocating. 

229. The short guns would not only have the advantage 
of greatly increased ballistic power, but would be far more 
hemdy and manageable. They would also be much less 
vulnerable, because their chases would be much shorter and 
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much stronger than the slender chases of the present long 
guns. 

230. The vulnerability of the chase of the present guns 
is a very serious matter indeed, and is no question of 
opinion. In a lecture at the United Service Institution on 
18th January, 1889, it was stated by the lecturer, Captain 
Stone, B.A., that ** at Eastbourne a shell from one of the 
6-pounder Hotchkiss guns struck the chase of a 10-inch B.L. 
gun, and penetrated the bore ; and that at Shoeburyness a 
9" '2 B.L. gun was struck on the chase, and a bulge of 
nearly half an inch raised on the interior of the bore, thus 
rendering it unserviceable." 

231. What, it may be asked, would be the result of the 
attack of a number of 4-inch or 5-inch Q.F. guns on the 
monster ordnance with which our new line-of-battle ships 
are armed ? 

232. It seems inconceivable to any ordinary mind that 
this fact is made so light of, and that these 110-ton guns 
and 67-ton guns are still patronised by the authorities, and 
still more so that they are for the most part mounted " eu 
barbette." 

The probability is, that before they had fired half a dozen 
rounds they would be put out of action. 

233» Quite irrespective of this, the 110-ton guns are 
fatally defective in strength. I am not speaking now of 
strength to resist the bursting strain, but of strength longi- 
tudinally. 

234. In a recent pamphlet on 'Smokeless Powder,' I 
alluded to this, and in * Internal Ballistics ' I dealt with it 
at some length, and as confirmatory of its importance, I 
alluded to the drooping at the muzzle of one of the 110-ton 
guns made at Elswick for the Victoria. 

235. Since then, others of these large guns have failed in 
the same manner, the latest being one of those of the Sans- 
pared, which, like the Victoria gun, has drooped at the 
muzzle after firing a few rounds. 

236. When the Victoria gun drooped in 1890, the fact 
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was made light of. It was attributed by Lord Armstrong 
to the defect of the proof carriage on which the gan was 
tried at Woolwich. Lord Cteorge Hamilton, in his speech at 
Liverpool on 30th Noyembery 1889, said that the gan was 
^ not a failure, that in the unanimous opinion of his scientific 
and ordnance advisers, it was a perfectly safe gan. Still, it 
was not a perfect gun, and it would be returned to the 
manufactarers to be strengthened, but the manufacturers 
assured him that within three weeks a strengthened gun 
would be in their possession, and that in the next three or 
four months the number of guns which they had under- 
taken to deliver of that calibre, and strengthened upon the 
principle he had mentioned, would be in the hands of the 
Admiralty." 

237. Now the ScmspareU gun was one of these strength- 
ened guns. In fact it was strengthened twice. The first 
strengthening consisted in removing five of the second row 
of hoops adjoining the seat of the gun, and replacing them 
by a continuous hoop of about 10 feet long. This was the 
alteration made in the Victoria guns. Subsequently to 
this, the Sanspareil guns were additionally strengthened by 
shrinking another tube about 4 feet long over the second row 
of hoops, in front of the 10-feet hoop. 

This gun, as well as those of the Victoria, has also drooped 
at the muzzle, and it is easy to see why. 

238. The additional hoops gave to the gun no appreciable 
strength to resist flexure, for the simple reason that they 
were discontinuous with the body of the gun behind the 
point at which flexure began. They gave no addition to 
what Lord George Hamilton designated as "girder" or 
" cantilever " strength. 

239. But the guns were never deficient in girder strength, 
and it was only when at the same time they were subjected 
tc the very heavy longitudinal strain, arising mainly from 
the friction of the products of combustion, that the limit of 
elasticity of the material was passed, and the chase acquired 
a permanent set. The remedy for these guns would be to 
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take away the last tube of 48 inches long and put on an 
additional tube over the first tube of 10 feet long, firmly con- 
nected longitudinally with the tube containing the gun seat 
which replaces the trunnions. In this way the overhang 
of the muzzle end would be reduced by about 10 feet and 
the effective diameter to resist the transverse strain^ greatly 
increased. 

240. What would be 'still better, would be to remove 
these guns altogether from the ships, and utilise them for 
land defences, in which case, as an increase of weight is of 
little importance, the new tube should extend to the muzzle 
of the gun, being at the same time firmly locked to the tube 
of the gun seat. This, whilst giving longitudinal strength 
to the gun, would greatly increase its defensive power 
against the attack of quick-firing guns directed against the 
chase. 

241. In my opinion it would b^an unpardonable error to 
reckon on these guns as efficient weapons for the armament 
of battle ships. 
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APPENDIX. 
NOTE A, 

YALUB OF y. 

In my pamphlet « Smokeless Powder,' 1890, I took for y the 
value 1-819. 
This was obtained from Nobel and Abel's formula — 

^ C. + BX 

where 0, and 0, are the specific heatd at constant pressure and 
constant volume respectively, a the ratio of the volume of the 
non-gaseous products to the volume of the unexploded powder, 
P the ratio of the weight of the non-gaseous and gaseous products, 
and \ the specific heat of the non-gaseous products. 

a =-67 B = 1-2967 

C,= -2324 0.= -1762 \= -45 

This formula, when the whole of the powder is gasified, gives 
y = 1-319. 

The specific heats given above are those at ordinary tempera- 
tures, but it is now generally believed that they do not apply to 
gases at very high temperatures. It has been shown by Mallard 
and Le Ohatelier (Comptes Bendus, vol. xciii., 1881) that the 
specific heat at constant volume of the gases of a Siemens furnace 
is 0-34. 

Now 1 lb. of gas at 492° absolute temperature doubled in 
volume by heating would require 

1 + 492° + . 34 = 167-28 units ; 
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and if we take the volume of 1 lb. of gas to be 11*6 cubic feet, the 
work done against the atmosphere would be 

11-5 X 2116-4 
772 = ^^'^^5 

Brought forward 167 • 28 



198*88 
Specific heat at constant pressure = = *4043 



492 



^y---^.vm. 



This value of y, for which I am indebted to Dr. Anderson, is 
perhaps rather too small, and I have adopted the value of y = 1 • 2 
provisionally, which appears to give satisfactory results. 



NOTE B. 

THB INFLUBNOi; OF THE MODE OF IGNITION. 

Although the formula (5) is found to agree fairly well with the 
results of experiments, it must be remembered that all these 
experiments were made so far under like conditions that the 
form of grain, the mode of ignition, and the composition of the 
powder were probably the same. 

But M. Sarrau has shown that the form of grain is a factor in 
the formula for pressure, and is contained in the symbol a in 

/•^j* which is M. Sarrau's "characteristic" a. /, also, is de- 
pendent on the composition and mode of fabrication of the 
powder, so that both of them are involved in the symbol A in my 
formula. 

These, however, were probably the same, or nearly so, in the 
powder used in Krupp's experiments, so that the value obtained 
above for A is probably nearly correct for that powder. 

There is, however, another element which ought not to be 
neglected, whilst it may not be possible to express it explicitly in 
the formula, but which must not be ignored in comparing the 
pressures obtained under conditions which are not identical. 
This is the mode of ignition of the charge. 
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In my treatise on ' Internal Ballistics ' I dealt with this at 
some length. I will now only briefly point out how the maxi- 
mum pressure may be affected by differences in the mode of 
ignition. 

If the charge be ignited at the end only, it is obvious that the 
rise of pressure will be slower than if the ignition be simultaneous 
throughout, and the maximum pressure will be less because the 
projectile will have had more time to move away, and thus increase 
the space filled by the gases. 

There are two methods of ignition in practical use, the electric 
and the detonator, but in reality these are but one, since the 
electric is only a means of igniting a detonator, which then ignites 
the cartridge. 

But the effect of a detonator Taries accordixig to its strength 
and according to the way the cartridge is made up. With a weak 
detonator and a cartridge closely packed, the ignition begins at 
one end, and proceeds comparatively slowly through the charge, 
and the pressure is correspondingly low. On the other hand, 
with a powerful detonator and a cartridge loosely packed, or with 
a central void, the ignition is nearly instantaneous, and the 
resulting pressure high ; and indeed, with any cartridge however 
made up, the ignition will always be quicker with a powerful 
detonator, resulting in a higher pressure and a greater muzzle 
velocity. 

It is therefore evident that the mode of ignition, although it 
cannot be explicitly expressed in a formula, must not be dis- 
regarded in comparing ballistic results obtained by experiment, 
and consequently in the deduction of the data of a formula from 
experimental results the conditions of firing must be uniform. 

Except in the case when the gun is to be fired from a distance, 
I do not understand the advantages of electric firing over a simple 
percussion arrangement, which appear^ to be equally effective 
simpler, and less liable to derangement. 

In all cases where the firer stands by the gun, and especially in 
quick-firing guns, pulling a trigger seems to be quite as rapid 
and easy as completing a circuit. 

As, however, my experience in firing gnns is very limited, I 
merely give this as an opinion which seems to have in its favour 
simplicity of apparatus and certainty of action. 
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NOTE C. 



OM DISSOCIATION. 



To what extent the pressures in the chase of a gun are in* 
fluenoed by Dissociation is a question which I cannot pretend to 
decide. 

The laws of Dissociation are very imperfectly known, and as my 
own acquaintance with the subject is very limited it is with much 
diffidence that I venture to make a few observations on their 
probable influence on ballistic science. 

A recent number of the ' Bevue G^n^rale des Sciences Pures et 
Appliquees,- 28th Feb., 1891, contains an interesting article by 
M. Le Chatelier, a portion of which I will briefly summarise. 
He divides chemical science into two branches, the first based 
upon the law of definite proportions, which he calls '* Architecture 
chimique," and which leaves on one side such intermediate 
phenomena as take place when a chemical system, such as a 
mixture of oxygen and hydrogen, passes into another state such as 
water. 

In the other branch, which he terms " Hecanique chimique," 
these intermediate states are dealt with, and the conditions under 
which the succession of such states are realised, and in this point 
of view it may be considered as the Science of Displacement and 
of the Transformation of Energy. 

M. Le Chatelier states that every chemical system, whether 
homogeneous or not, is classed necessarily, from the mechanical 
point of view, in one of the three following states : — 

1st. State of chemical rest. 

2nd. „ „ equilibrium. 

3rd. „ „ movement. 

The state of chemical movement is that of a system in which the 
transformations take place spontaneously. 

The distinction between the states of rest and of equilibrium is 
a comparatively recent notion, and upon it the new branch of 
chemical science depends. 

At first sight the study of the conditions under which chemical 
changes take place seems to point to the impossibility of classify* 
ing and co-ordinating their conditions. Chemical, reactions may 
be produced by circumstances of the most diverse and varying 
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nature. Such are, vanations of pressure, of temperature, of elec- 
trical state, radiation of light, shocks, friction, and even the 
influence of living organisms. And not only are these causes 
varied in nature, but their effect is also variable, and in some cases 
apparently contradictory, as for example in the case of heat, which 
at one time determines the combustion of oxygen and hydrogen, 
and at another decomposes the resulting compound, water, into its 
elements, oxygen and hydrogen. 

Such contradictions are, however, only apparent, and disappear 
when the direct causes of chemical changes are distinguished from 
those which are indirect and occasional. 

This may be illustrated by an example borrowed from mechanics. 
Take for example the action of a pile-engine. The action of pull- 
ing the trigger releases the ram, and thus makes effective the force 
of gravity which causes its fall. The pulling the trigger and the 
force of gravity are two distindt forces which are necessary to the 
action of the machine: the one renders the motion possible, 
the other is the effective force. As long as the first does not act 
the ram does not move. It is at rest, not simply because it has no 
motion, but because no increase of the force of gravity will put it 
in motion so long as its intensity is insufficient to destroy the 
trigger mechanism. 

Speaking generally, the state of rest in mechanics is due to the 
fact that the active forces are inferior to the|>a«atve redstances. 

Now this applies also to chemical action. In chemical systems 
there are resistances or internal relations, the real nature of which 
is unknown, but which are made manifest by the obstacles which 
they oppose to chemical transformation. It is thus that hydrogen, 
carbon, and other organic matters do not combine with the oxygen 
of the air at low temperatures, although the stable conditions of 
these systems at these temperatures are water and carbonic 
acid. 

The most part of the actions above mentioned, such as variation 
of pressure, of temperature, &c., have for their effect the overcom* 
iog the internal relations which oppose chemical transformation. 
Thus an elevation of temperature of about 1000° Fahr., in the pre- 
sence of spongy platinum, transforms the mixture of oxygen and 
hydrogen into water, and the influence of the solar ray transforms 
a mixture of hydrogen and chlorine into hydrochloric acid. 

The actions which are thus followed by chemical transformations 
cannot be called the causes oi these transformations, because 
having onoe overcome the internal resistances they cease to operate, 
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and the energies whicli put them in action have no determinate 
relation with the energies displayed by the chemical changes, and 
are for the most part negligible with respect to these, just as the 
force which pnlls the trigger is negligible with respect to the 
energy acquired by the fall of the ram. 

The chemical resistances do not in every case prevent the trans- 
formation. Sometimes they only retard and limit the speed of the 
reaction. This varies to a great extent. In compound explosions 
the rupture of the internal relations is very quick. In other 
systems the transformation takes place rapidly at a high tem- 
perature, and very slowly at a low temperature ; but in no case 
can the transformation take place unless the factors which deter- 
mine it exceed the internal resistances. We have seen that under 
the influence of certain agents,, such as heat, light, &c., a chemical 
system changes from a state of rest to that of movement. 

Let us now inquire what, in the present state of our know- 
ledge, are the powers, that is to say, the direct causes of chemical 
phenomena. 

As regards a change of statey such as the vaporisation of water, 
the fusion of ice, these causes are well known. They are variations 
of pressure, heat, and electrical conditions. 

Now, according to M. Le Chatelier, these are the causes, and the 
sole causes which intervene in chemical reactions. 

The experiments on Dissociation have simply extended to che- 
mical systems the laws of change of state. " Dissociation " shows 
that the true causes of chemical transformation are the variations 
of heat, pressure, and electrical conditions. 

So long as these remain constant, a chemical condition, even if 
free from all internal relations, will undergo no change ; but so 
soon as any one of these quantities varies, a chemical transforma- 
tion takes place, and the quantity of matter transformed depends 
solely on the amount of such variation. 

Pressure, temperature, and electromotive force are the three 
factors or causes of chemical changes by Dissociation, and these 
factors are included by M. Le Chatelier under the term Temions, 
thus generalising the signification of the word, usually applied to 
the effect of elastic deformation by extension. 

We thus arrive at the idea of chemical equilibrium, as distinct 
from that of chemical rest. 

In the latter case it is a finite variation of tension which gives 
rise to chemical transformation, whilst in the former the smallest 
variation of pressure, temperature, or electromotive force suffices 
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to prodiioe ft chfflnKml modificatiaii of the sysiem. Thiu DioBociar 
tum inyolyes the idea of chemical eqnilibziiiiii, as distmgnished 
from the state of chemical lest. 

Following this order of ideas, it would appear that such com- 
poonds as watery yaponr or carbonic add are, as chemical systems, 
at rest ; that by increasing the heat, the internal resistances or 
relations are oTorcome, and that at a certain temperatnre, which is 
abont 1100° C. for these componndsy the state of eqnilibrinm com- 
mences, and with it Dissociation, and that thereafter the degree of 
Dissociation goes on increasing with the increase of temperatnre. 

I will now inquire what wonld be the effect of Dissociation on 
the pressure in a gun with Nobel's powder, and for this purpose 
will assume that the deductions arrived at in Appendix A of 
' Smokeless Powder ' are correct, viz. : — 



Pbodugts or Ck)MBU8noH of 100 Grammes. 




Volome at 0° C. and 
•76. 


Weight in grammes. 


Carbonic add 

Watery yapotur 

Nitrogea 

Chlorine 

Oxygen.. ..* 


cub. decimetres. 
20-87 

31-31 

11-04 

8-21 

2-08 


41-26 
25-24 
13-86 
16-64 
2-96 




73-51 


100 00 



If now the watery vapour be decomposed into oxygen and 
hydrogen, and the carbonic acid into carbonic oxide and oxygen, 
and the various elements multiplied by their respective specific 
heats at constant volume, we get the following results : — 





Before DiBBodation. 


After Dissociation. 


Caxbonioaoid .. 


41-26 X 


•172= 7097 


/ 26-25 X -1741 g.ooo 
t 15 05x •155/- ^ ^^ 


Watery vapour .. 


25-24 X 


•337= 8-506 


( 2210X •155\_ JJ.Q.1 
\ 314 X 2-331/ - " ^*^ 


Nitrogen .. .. 


13-86 X 


•173= 2 398 


13-86 X -173 = 2^398 


Chlorine .. .. 


16-64 X 


•086= 1-431 


16-64 X 086 = 1-431 


Oxygen .. .. 


2-96 X 


•155 = 0-459 


2-96 X -155 = 0-459 




100-00 


= 19-89 


100-00 =21-123 


Mean specific 


heat .. . 


. .. -1990 


-21123 
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And fiinoe the temperatures are inyersely as the specific heats, 

where i^ is the temperature after Dissociation ; 

< „ „ before „ 

so that the result of complete Dissociation is to rednce the tem- 
perature about 6 per cent. 

We haye next to consider the effect as regards Yolnme. 
Since 2 vols, of carbonic oxide + 1 vol. of oxygen produce 
2 vols, of carbonic acid, 
and 2 vols, of hydrogen + 1 vol. oxygen = 2 vols, of watery 

vapour, 
we get the following result : — 





Before Dissociation. 


After Dissociation. 


GarboDioacid 


cub decimetree. 
20-87 


30-50 


Watery vapour 


31 -SX 


46-96 


Nitrogen 


11-04 


1104 


Ohloiine 


8-21 


8-21 


Oxygen 


2-08 


208 




73-51 


98-79 



So that the Volume is increased from 78*51 to 98*79, or from 
1 to 1-344. 

The combined effect of Dissociation is therefore to increase the 
Volume by 34*2 per cent,, and to decrease the Temperature by 
6 per cent. 

If, then, the Temperature be assumed at 2200° C. before Disso- 
ciation, it will be 2068° C. after ; and since the expansion is * 003 
for 1° C, the relative volumes will be 



Before Dissociation 
After ,, 



1+ -0037 X 2200 = 9*140; 
1*344 -h 0037 X 1976 = 10*826; 



and if |7 be the pressure before, 

Po J9 >» ftftor Dissociation, 

10*826 , ,.. 

or the pressure is increased by 18*4 per cent. 
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But it was stated by Dr. Siemens in the discussion on Mr. Clerk's 

paper on Gkis Engines, published in the ' Minutes of Proceedings 

of the Institute of Civil Engineers/ vol. Ixiz., that St. Clair Deville 

had determined that whilst Dissociation of Watery Vapour began 

at about 1100'' C, only one-half was dissociated at 2800'' C, which 

is in accordance with the remarks of M. Le Chatelier referred to 

aboYO. Perhaps, therefore, it may be assmned that at 2200° C. 

2200 
the amount of Dissociation would not exceed '6 X o^ttttj or 0*38 

2800 

per cent. ; and if this be so, the increase of pressure would not 

equal 18-4 X -38 = 6*992 per cent. 

This, howeyer, is on the assumption that Dissociation is govemed 
only by Temperature, but, as M. Le Chatelier shows, there is also 
the fftctor of pressure, and an increase of this factor acts in a 
contrary direction to increase of Temperature, so that with the 
enormous pressures in a gun it may fairly be doubted whether 
Dissociation takes place at all. 

There is also the question of time to be considered. It was 
pointed out in a note to § (35) that the time between the ignition 
and that of the maximum pressure in a 24 cm. gun was from 
0"-002 to 0''-003, and it may well be doubted whether in this 
brief space of time the Dissociation could operate. 

It appears certain that the chemical elements must pass through 
the intermediate temperatures before arriying at that of Disso- 
ciation, so that carbonic acid and watery vapour would first be 
formed, and then afterwards dissociated ; and all this must take 
place in the small fraction of a second given above. 

The subject is one with which I am not familiar, and I therefore 
o£fer the above remarks to the appreciation of artillerists wilih 
every reserve. 
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Chiefly compiled from Original Sources, and hitherto Unpublished Docu- 
ments, by J. J. Fahie, Mem. Soc. of Tel. Engineers, and of the Inter 
national Society of Electricians, Paris. Crown 8vo, cloth, 9j, 

Spons^ Information for Colonial Engineers, Edited 

by J. T. Hurst. Demy 8vo, sewed. 
No. I, Ceylon. By Abraham Deane, C.E. 2j. 6^. 
Contents : 

Introductory Remarks— Natural Productions— Architecture and Engineering — Topo* 
graphy. Trade, and Natural History— Principal Stations— Weights and Measures, etc., etc. 

No. 2. Southern Africa, including the Cape Colony, Natal, and the 
Dutch Republics. By Henry Hall, F.R.G.S., F.R.C.L With 
Map. 3J.6^. Contents: 



Operations— Notes 

Formation in South Africa — Engineering Instruments for Use in South Africa— Principal 
Public Works in Cape Colony : Railways, Mountain Roads and Passes, Harbour Works, 
Bridges, Gas Works, Irri^tion and Water Supply, Lighthouses, Drainage and Sanitary 
Engineering, Public Buildings, Mines— Table ot^ Woods in South Africa— Animals used for 
Draught Purposes— Statistical Notes— Table of Distances— Rates of Carriage, etc. 

No. 3. India. By F. C. Danvers, Assoc. Inst. C.E. With Map. 4^. 6rf. 

Contents : 

Physical Geography of India— Building Materials— Roacfs^-Railways^Bridges^Inriga- 
tion — River Works— Harbours— Lighthouse Buildings— Native Labour— The Principal 
Trees of India — Moneys— Weights and Measures — Glossary of Indian Terms, etc. 
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Our Factories^ Workshops^ and Warehouses: their 

Sanitary and Fire- Resisting Arrangements. By B. H. Thwaite, Assoc 
Mem, Inst C.E. With 183 wood engravings, crown 8vo, doth, gs, 

A Practical Treatise on Coal Mining. By George 

G. Andre, F.G.S., Assoc. Inst. C.E.,Member of the Society of Engineers. 
With 82 lithographic plates, 2 vols., royal 4to, cloth, 3/. 12s. 

A Practical Treatise on Casting and Founding, 

including descriptions of the modem machinery employed in the art. By 
N. E. Spretson, Engineer. Fifth edition, with 82 plates drawn to 
scale, 412 pp., demy 8vo, cloth, i8x. 

A Handbook of Electrical Testing. By H. R. Kempe, 

M.S.T.E. Fourth edition, revised and enlarged, crown 8vo, cloth, i6j. 

The Clerk 0/ Works: a Vade-Mecum for all engaged 

in the Superintendence of Building Operations. By G. G. HOSKINS, 
F.R I.B.A. Third edition, fcap. 8vo, cloth, u. 6d. 

American Foundry Practice: Treating of Loam, 

Dry Sand, and Green Sand Moulding, and containing a Practical Treatise 
upon the Management of Cupolas, and the Melting of Iron. By T. D. 
West, Practical Iron Moulder and Foundry Foreman. Second edition, 
with numerous illustrations, crown 8vo, cloth, lor. (id. 

The Maintenance of Macadamised Roads. By T. 

CODRINGTON, M.I.C.E, F.G.S., General Superintendent of County Roads 
for South Wales. Second edition. 8vo. {Nearly ready. 

Hydraulic Steam and Hand Power Lifting and 

Pressing Machinery, By Frederick Colyer, M. Inst C.E., M. Inst M.E. 
With ^l plates, 8vo, cloth, i8j. 

Pumps and Pumping Machinery, By F. Colyer, 

M.LC.E.. M I.M.E. With tl^ folding plates, 8vo, cloth, lar. W. 

Pumps and Pumping Machinery. By F. Colyer. 

Second Part. With 1 1 large plates, 8vo, cloth, I2J. td, 

A Treatise on the Origin, Progress^ Prevention^ and 

Cure of Dry Rot in Timber; with Remarks on the Means of Preserving 
Wood from Destruction by Sea- Worms, Beetles, Ants, etc. By Thomas 
Allen Britton, late Surveyor to the Metropolitan Board of Works, 
etc, etc. With 10 plates, crown 8vo, cloth. Is, 6d, 

The Artillery of the Future and the New Powders. 

By J. A. Longridge, Mem. Inst. C.E. 8vo, cloth, $s. 
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Gas Works : their Arrangement, Construction, Plant, 

and Machinery. By F. Colyer, M. Inst. C.E. PViiA ^i folding plates^ 
8vo, cloth, I2s, 6d. 

The Municipal and Sanitary Engineer s Handbook, 

By H. Percy Boulnois, Mem. Inst. C.E., Borough Engineer, Ports- 
mouth. With numerous illustrations. Second edition, demy 8vo, cloth. 

Contents : 

The Appointment and Duties of the Town Surveyor— Traflfic—Macadamised Roadways- 
Steam Rollmg— Road Metal and Breaking — Pitched Pavements— Asphalte — ^Wood Pavements 
— Footpaths— Kerbs and Gutters — Street Naming and Numbering— Street Lighting— Sewer- 
age — ^Ventilation of Sewers — Disposal of Sewage — House Drainage — Disinfection — Gas and 
Water Companies, etc., Breaking up Streets — Improvement of Private Streets— Borrowing 
Powers — ^Artizans' and Labourers' Dwellings — Public Conveniences — Scavenging, including 
Street Cleansing— Watering and the Removing of Snow— Planting Street Trees — Deposit of 
Plans— Dangerous Buildings — Hoardings — Obstructions — Improvmg Street Lines — Cellar 
Openings — Public Pleasure Grounds — Cemeteries — Mortuaries — Cattle and Ordinary Markets 
—Public Slaughter-houses, etc— Giving numerous Forms of Notices, Specifications, and 
General Information upon these and other subjects of great importance to Municipal Engi- 
neers and others engaged in Sanitary Work. 

Metrical Tables. By Sir G. L. Molesworth, 

M.I.C.E. 32mo, cloth, u. 6^. 

Contents. 

Gcneral^Linear Measures — Square Measures — Cubic Measures— Measures of Capacity- 
Weights — Combinations— Thermometers. 

Elements of Construction for Electro-Magnets. By 

Count Th. Du Moncel, Mem. de I'lnstitut de France. Translated from 
the French by C. J. Wharton. Crown 8vo, cloth, 4J. (id, 

A Treatise on the Use of Belting for the Transmis- 
sion of Power, By J. H. Cooper. Second edition, illustrated^ 8yo, 
cloth, 1 5 J. 

A Pocket-Book of Useful Formula and Memoranda 

for Civil and Mechanical Engineers, By Sir Guilford L. Molesworth, 
Mem. Inst. C.E. With numerous illustrations^ 744 pp. Twenty-second 
edition, 32mo, roan, 6^. 

Synopsis of Contents: 

Surveying, Levelling, etc.— Strength and Weight of Materials— Earthwork, Brickwork, 
Masonry, Arches, etc.— Struts, Columns, Beams, and Trusses — flooring, Roofing, and Roof 



Trusses— Girders, Bridges, etc. — Railways and Roads — Hydraulic Formulae— Canals. Sewers, 
Waterworks, Docks — Irrigation and Breakwaters — Gas, Ventilation, and Warming — Heat, 
Light, Colour, and Sound — Gravity : Centres, Forces, and Powers — Millwork, Teeth of 



heels. Shafting, etc.— Workshop Recipes — Sundry Machinery— Animal Power — Steam and 
the Steam Engme— Water-power, Water-wheels, Turbines, etc. — ^Wind and Windmills- 
Steam Navigation, Ship Building, Tonnage, etc. — Gunnery, Projectiles, etc.— Weights, 
Measures, and Money— Trigonometry, Conic Sections, and Curves— Telegraphy— Mensura- 
tion— Tables of Areas and Circumference, and Arcs of Circles— Logarithms, Square and 
Cube Roots, Powers— Reciprocals, etc.— Useful Numbers— Differential and Integral Calcu- 
lus—Algebraic Signs— Telegraphic Construction and Formulae. 
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Hints on Architectural Draughtsmanship, By G. W. 

TuxFORD Hallatt. Fcap. 8vo, cloth, \s, 6d, 

Spans' Tables and Memoranda for Engineers; 

selected and arranged by J. T. Hurst, C.E., Author of 'Architectural 
Surveyors' Handbook,' * Hurst's Tredgold's Carpentry,' etc. Eleventh 
edition, 64010, roan, gilt edges, is, ; or in cloth case, u. 6df. 
This work is printed in a pearl type, and is so small, measuring only ai in. by x\ in. by 
i in. thick, that it may be easuy carried in the waistcoat pocket. 

" It is certainly an extremely rare thine for a reviewer to be called upon to notice a volume 
measuring but ai in. by if in., yet these dimensions faithfully represent the size of the handy 
little book before us. The volume— which contains zi8 printed pages, besides a few blank 
pages for memoranda — is, in fact, a true pocket-book, adapted for being carried in the waist- 
coat podcet, and containing a far greater amount and variety of information than most people 
would imagine could be compressed into so small a space. .... The little volume has been 
compiled with considerable care and judgment, and we can cordially recommend it to our 
readers as a useful little pocket companion.*'— ^i^Vi^mi^. 

A Practical Treatise on Natural and Artificial 

Concrete^ its Varieties and Constructive Adaptations, By Henry Reid, 
Author of the * Science and Art of the Manufacture of Portland Cement.* 
Neifi Edition, with ^^ woodcuts and ^ plates^ 8vo, cloth, 15J. 

Notes on Concrete and Works in Concrete; especially 

written to assist those engaged upon Public Works. By John Newman, 
Assoc. Mem. Inst. C.E., crown 8vo, cloth, 4J. (>d. 

Electricity as a Motive Power, By Count Th. Du 

MONCEL, Membre de I'lnstitut de France, and Frank Geraldy, Ing^- 
nieur des Pontset Chauss^es. Translated and Edited, with Additions, by 
C. J. Wharton, Assoc Soc. TeL Eng. and Elec. IVith 113 engravings 
and diagrams^ crown 8vo, cloth, 'Js, 6?. 

Treatise on Valve-Gears, with special consideration 

of the Link-Motions of Locomotive Engines. By Dr. Gustav Zeuner, 
Professor of Applied Mechanics at the Confederated Polytechnikum of 
Zurich. Translated from the Fourth German Edition, by Professor J. F. 
Klein, Lehigh University, Bethlehem, Pa. Illustrated^ 8vo, cloth, I2J. (>d. 

The French' Polishers Manual. By a French- 

Polisher; containing Timber Staining, Washing, Matching, Improving, 
Painting, Imitations, Directions for Staining, Sizing, Embodjdng, 
Smoothing, Spirit Varnishing, French- Polishing, Directions for Re- 
polishing. Third edition, royal 32mo, sewed, 6^. 

Hops, their Cultivation, Commerce, and Uses in 

various Countries, By P. L. Simmonds. Crown 8vo, cloth, 4J. (id. 

The Principles of Graphic Statics. By George 

Sydenham Clarke, Major Royal Engineers. With 112 illustrations. 
Second edition, 4to, doth, izr. 6^. 
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Dynamo Tenders Hand-Book. By F. B Badt, late 

1st Lieut Royal Prussian Artillery. With ^o illustrations. Third edition, 
i8mo, cloth, 4r. 6d, 

Practical Geometry^ Perspective^ and Engineering 

Drawing; a Course of Descriptive Geometry adapted to the Require- 
ments of the Engineering Draughtsman, including the determination of 
cast shadows and Isometric Projection, each chapter being followed by 
numerous examples ; to which are added rules for Shading, Shade-lining, 
etc., together with practical instructions as to the Lining, Colouring, 
Printing, and general treatment of Engineering Drawings, with a chapter 
on drawing Instruments. By George S. Clarke, Capt. R.E. Second 
edition, with 21 plates, 2 vols., cloth, lar. 6d, 

The Elements of Graphic Statics. By Professor 

Karl Von Ott, translated, from the German by G. S. Clarke, Capt. 
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College, With 93 illustrations^ crown 8vo, cloth, 5j. 

A Practical Treatise on the Manufacture and Distri- 
bution of Coal Gas, By William Richards. Demy 4to, with numerous 
wood engravings and 29 plates^ cloth, 28j. 

Synopsis of Contents : 

Introduction— History of Gas Lighting — Chemistry of Gas Manufacture, by Lewis 
Thompson, Esq., M.R.C.S. — Coal, with Analyses, by J. Paterson, tiewis Thomi»on, and 
G. R. Hislop, Esqrs. — Retorts, Iron and Clay— Retort Setting— Hydraulic Main — Con- 
densers—Exhausters — Washers and Scrubbers — Purifiers — Purification — History of Gas 
Holder — Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wrought-iron — Specifications — Gas Holders — Station Meter — Governor — Distribution- 
Mains — Gas Mathematics, or Formulae for the Distribution of Gas, by Lewis Thompson, Esq^.-* 
Services — Consimiers' Meters — Regulators— Burners — Fittings^Photometer— Carburization 
of Gas— Air Gas and Water Gas—Composition of Coal Gas, by Lewis Thompson, Esq.— 
Analyses of Gas — Influence of Atmospheric Pressure and Temperature on Gas — Residual 
Products— Appendix — Description of Retort Settings, Buildings, etc., etc 

The New Formula for Mean Velocity of Discharge 

of Rivers and Canals. By W. R. Kutter. Translated from articles in 
the * Cultur-Ing^nieur,' by Lowis D'A. Jackson, Assoc Inst. C.E. 
8vo, cloth, izs, 6d, 

The Practical Millwright and Engineers Ready 

Reckoner; or Tables for finding the diameter and power of cog-wheels, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc. 
By Thomas Dixon. Fourth edition, i2mo, cloth, 3/. 

Tim Describing the Chief Methods of Mining, 

Dressing and Smelting it abroad.; with Notes upon Arsenic, Bismuth and 
Wolfram. By Arthur G. Charleton, Mem. American Inst, of 
Mining Engineers. With plates ^ 8vo, doth, izr. 6^. 
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Perspective^ Explained and Illustrated. By G. S. 

Clarke, Capt R.E. With illustrations^ 8to, doth, sr. td. 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc., etc. By Thomas Box. Ninth edition, 
numeroiu plates^ post 8vo, cloUi, 5/. 

The Essential Elements of Prcutical Mechanics; 

hosed on the Principle of Work^ designed for Engineering Students. By 
Oliver Byrne, formerly Professor of Mathematics, College for CivU 
Engineers. Third edition, with 148 wood engravings^ post 8to, doth, 
7/. (>d. 

Contents : 

Chap. I. How Work is Measured by a Unit, both with and without reference to a Unit 
of Time— Chap. l. The Work of Living A|;ents, the Influence of Friction, and introduces 
one of the most beautiful Laws of Motion — Chap. 3. The principles expound^ in the first and 
second chapters are applied to the Motion of Bodies — Chap. 4. The Transmission of Work by 
simple Machines— Chap. 5. Useful Propositions and Rules. 

Breweries and Mailings : their Arrangement, Con- 
struction, Machinery, and Plant By G. Scamell, F.R.I.B.A. Second 
edition, revised, enlarged, and partly rewritten. By F. COLYER, M.I.C.E., 
M.I.M.E. With 20 plates, 8vo, cloth, I2s. 6d. 

A Practical Treatise on the Construction of Hori- 
zontal and Vertical Waterwheels, specially designed for the use of opera- 
tive mechanics. By William Cullen, Millwright and Engineer. With 
II plates. Second edition, revised and enlarged, small 4to, doth, izr. 6d. 



A Practical Treatise on Mill-gearingy Wheels, Shafts, 

Riggers, etc, ; for the use of Engineer ~ ~ ~ 

edition, with 11 plates. Crown 8vo, cloth, 



Riggers, etc; for the use of Engineers. By Thomas Box. Third 



Mining Machinery: a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G. G. 
Andr^, F.G.S., Assoc. Inst C.E., Mem. of the Society of Engineers. 
Royal 4to, uniform with the Author's Treatise on Coal Mining, con- 
taining 182 plates, accurately drawn to scale, with descriptive text, in 
2 vols., cloth, 3/. 12S, 

Contents : 

Machinery for Prospecting, Excavating, Hauling, and Hoisting— Ventilation— Pumping— 
Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Lead, Iron, 
Coal, Sulphur, China Clay, Brick Earth, etc. 

Tables for Setting out Curves for Railways, Canals, 

Roads, etc, varying from a radius of five chains to three miles. By A. 
Kennedy and R. W. Hackwood. Illustrated 32mo, cloth, 2s. 6d, 
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Practical Electrical Notes and Definitions for the 

use of Engineering Students and Practical Men, By W. Perren 
Maycock, Assoc. M. Inst £.£., Instructor in Electrical Engineering at 
the Pitlake Institute, Croydon, together with the Rules and Regulations 
to be observed in Electrical InstaUation Work. Second edition. Royal 
32mo, roan, gilt edges, 4^. 6^. 

The Draughtsman! s Handbook of Plan and Map 

Drawing; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numer<ms illustrations 
in the texty and 33 plates (15 printed in colours). By G. G. Andre, 
F.G.S., Assoc. Inst. C.E. 4to, cloth, 9J. 

Contents : 

The Drawing Office and its Furnishings— Geometrical Problems— Lines, Dots, and their 

ombinations— Colours, Shading, Lettering, Bordering, and North Points— Scales— Plotting 

—Civil Engineers' and Surveyors* Plans — Map Drawing^Mechanical and Architectural 



Combinations— Coloiurs, Shading, Lettering, Bordering, and North Points— Scales— Plotting 
—Civil Engineers* and Surveyors* Plans — Map Drawing^Mechanical and Architectural 
Drawing— Copying and Reducing Trigonometrical Formula, etc., etc. 

The Boiler-maker s andiron Ship-builder^ s Companion, 

comprising a series of original and carefully calculated tables, of the 
utmost utility to persons interested in the iron trades. By James Foden, 
author of * Mechanical Tables,* etc Second edition revised, with illustra- 
tionSf crown 8vo, cloth, $s. 

Pock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. Andr]k, 
F.G.S., Assoc Inst C.E. fVith 56 illustrations and 12 plates, 8vo, cloth, 
lOj. 6d. 

Experimental Science: Elementary, Practical, and 

Experimental Physics. By Geo. M. Hopkins. Illustrated by 672 
engravings. In one large vol., Svo, cloth, i8j. 

A Treatise on Ropemaking as practised in public and 

private Rope-yards, with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, cloth, 3^. 

Laxtofis Builders and Contractors' Tables ; for the 

use of Engineers, Architects, Surveyors, Builders, Land Agents, and 
others. Bricklayer, containing 22 tables, with nearly 30,000 calculations. 
4to, doth, 5^. 

Laxtoris Builders^ and Contractors^ Tables. Ex- 
cavator, Earth, Land, Water, and Gas, containing 53 tables, with nearly 
24,000 calculations. 4to, cloth, 5^. 
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Egyptian Irrigation. By W. Willcocks, M.I.C.E., 

Indian Public Works Department, Inspector of Irrigation, Egypt. With 
Introduction by Lieut-Col. J. C. Ross, R.E., Inspector-General of 
Irrigation. With numerous lithographs and wood engravings^ royal 8vo, 
cloth, I/. i6s. 

Screw Cutting Tables for Engineers and Machinists^ 

fiving the values of the different trains of Wheels required to produce 
crews of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S., 
etc. Cloth, oblong, 2s, 

Screw Cutting TableSy for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, oblong, cloth, u., or sewed, 6^. 

A Treatise on a Practical Method of Designing Slide- 

Valve Gears by Simple Geometrical Construction^ based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide- Valve and Expansion Gearing ; together with Stephenson's, 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst, Mechanical Engineers. Crown 8vo, cloth, dr. 

Cleaning and Scouring : a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopher. i8mo, sewed, 6d. 

A Glossary of Terms used in Coal Mining. By 

William Stukelky Gresley, Assoc. Mem. Inst. C.E., F.G.S., Member 
of the North of England Institute of Mining Engineers. Illustrated with 
numerous woodcuts and diagrams, crown 8vo, cloth, 5j. 

A Pocket-Book for Boiler Makers and Steam Users y 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public. By Maurice John Sexton. Second edition, royal 
32mo, roan, gilt edges, 5^. 

Electrolysis : a Practical Treatise on Nickeling, 

Coppering, Gilding, Silvering, the Refining of Metals, and the treatment 
of Ores by means of Electricity. By Hippolyte Fontaine, translated 
from the French by J. A. Berly, C.E., Assoc. S.T.E. With engravings. 
8vo, cloth, gs. 
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Barlow's Tables of Squares^ CubeSy Square RoolSy 

Cube Roots^ Reciprocals of all Integer Numbers up to io,ooa Post 8vo, 
cloth, ds, 

A Practical Treatise on the Steam Engine, con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction. By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, copiously illustrated 
with woodcuts and ^ plates, in one Volume, half-bound morocco, 2/. 2s,; 
or cheaper edition, cloth, 25^. 

This work b not, in any sense, an elementary treatise, or history of the steam engine, but 
is intended to 'describe examples of Fixed Steam En^'nes without entering into the wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable, Semi- 
portable, Coruss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
Great Britain and America. The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pistons, Piston-rods, Connecting- 
rods, Cross-heads, Motion-blocks, Eccentrics, Simple, Expansion, Balanced, and Equilibrium 
Slide-valves, and Valve^earing will be minutely dealt with. In this connection will be found 
articles upon the Velocity of Reciprocating Parts and the Mode of Applying the Indicator, 
Heat and Expansion of Steam Governors, and the like. It is the writer's desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
correct. 

A Practical Treatise on the Science of Land and 

Engineering Surveying, Levelling, Estimating Quantities, etc, with a 
general description of the seversJ Instruments required for Surveying, 
Levelling, Plotting, etc. By H. S. Merrett. Fourth edition, revised 
by G. W. UsiLL, Assoc. Mem. Inst. C.E. 41 plates, with illustrations 
and tables, royal 8vo, cloth, I2J. 6d, 

Principal Contents ; 

Part I. Introduction and the Principles of Geometry. Part 2. Land Surveying; com- 
prising General Observations — ^The Cham — Offsets Surveying by the Chain only — Surveying 
Hilly Ground — To Survey an Estate oc Parish by the Chain only— Surveying with the 
Theodolite — Mining and Town Surveying — Railroad Surveying — Mapping— Division and 
Laying out of Land — Observations on Enclosures — Plane Trigonometry. Part 3. Levelling — 
Simple and Compound Levelling— The Level Book — Parliamentary Plan and Section— 
Levelling with a Theodolite — Gradients — ^Wooden Curves— To Lay out a Railway Curve- 
Setting out Widths.* Part 4. Calculating Quantities generally for Estimates — Cuttings and 
Embankments — ^Tunnels— Brickwork — Ironwork— Timber Measuring. Part 5. Description 
and Use of Instruments in Surveying and Plotting— The Improved Dumpy Level — Troughton's 
Level — The Prismatic Compass — Proportional Compass— Box Sextant — ^Vernier— Panta- 
graph — Merretf s Improved Quadrant — Improved Computation Scale — The Diagonal Scale- 
Straight Edge and Sector. Part 6. Logarithms ot Numbers — Logarithmic Sines and 
Co-Sines, Tangents and Co-Tangents — Natural Sines and Co-Sines— Tables for Earthwork, 
for Setting out Curves, and for various Calculations, etc., etc., etc. 

Mechanical Graphics, A Second Course of Me- 
chanical Drawing. With Preface by Prof. Perry, B.Sc, F.R.S. 
Arranged for use in Technical and Science and Art Institutes, Schools 
and Colleges, by George Halliday, Whitworth Scholar. 8vo, 
cloth, 6^. 
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The Assayer's Manual: an Abridged Treatise on 

the Docimastic Examination of Ores and Furnace and other Artificial 
Products. By Bruno Kerl. Translated by W. T. Brannt. With 65 
illustrations, 8vo, cloth, I2s, 6d. 

Dynamo - Electric Machinery : a Text - Book for 

Students of Electro-Technology. By Silvanus P. Thompson, B.A., 
D.Sc, M.S.T.E. [New edition in the press. 

The Practice of Hand Turning in Woody Ivory, Shell, 

etc,, with Instructions for Turning such Work in Metal as may be required 
in the Practice of Turning in Wood, Ivory, etc. ; also an Appendix on 
Ornamental Turning. (A book for beginners.) By Francis Campin. 
Third edition, with wood engravings, crown 8vo, cloth, 6j. 

Contents : 

On Lathes— Turning Tool^-Turning Wood — Drilling— Screw Cutting— Miscellaneous 
Apparatus and Processes— Turning Particular Forms — Staining— Polishing— Spinning Metals 
—Materials — Ornamental Turning, etc. 

Treatise on Watchwork, Past and Present. By the 

Rev. H. L. Nelthropp, M.A., F.S.A. With 32 illustrations, crown 
8vo, cloth, 6j. td. 

Contents : 

Definitions of Words and Terms used in Watchwork— Tools — Time— Historical Sum- 
mary — On Calculations of the Numbers for Wheels and Pinions; their Proportional Sizes, 
Trams, etc.— Of Dial Wheels, or Motion Work— Length of Time of Going without Winding 
up— The Verge— The Horizontal — The Duplex — The Lever— The Chronometer — Repeating 
Watches— Keyless Watches— The Pendulum, or Spiral Spring — Compensation — Jewelling of 
Pivot Holes — Clerkenwell — Fallacies of the Trade — Incapacity of Workmen — How to Choose 
and Use a Watch, etc. 

Algebra Self-Taught. By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc. Inst C.E., Author of * A Handbook of the Differ- 
ential Calculus,* etc. Second edition, crown 8vo, cloth, 2s, 6d, 

Contents : 

Symbols and the Signs of Operation— The Equation and the Unknown Quantity- 
Positive and Negative Quantities — Multiplication — Involution — Exponents — Negative Expo- 
nents — Roots, and the Use of Exponents^ as Logarithms — Logarithms — Tables of Logarithms 
and Proportionate Parts — Transformation of System of Logarithms — Common Uses of 
Common Logarithms — Compound Multiplication and the Binomial Theorem — Division, 
Fractions, and Ratio — Continued Proportion — The Series and the Summation of the Series- 
Limit of Series — Square and Cube Roots — Equations — List of Formulae, etc. 

Spons' Dictionary of Engineering, Civil, Mechanical, 

Military, and Naval; with technical terms in French, German, Italian, 
and Spanish, 3100 pp., and nearly 8000 engrajnngs, in super-royal 8vo, 
in 8 divisions,. 5/. 8j. Complete in 3 vols., cloth, 5/. 5j. Bound in a 
superior manner, half-morocco, top edge gilt, 3 vols., 6/. I2j. 
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Notes in Mechanical Engineering. Compiled prin- 
cipally for the use of the Students attending the Classes on this subject at 
the City of London College. By Henry Adams, Mem. Inst. M.E., 
Mem. Inst. C.E., Mem. Soc. of Engineers. Crown 8vo, cloth, 2j. dd. 

Canoe and Boat Building: a complete Manual for 

Amateurs, containing plain and comprehensive directions for the con- 
struction of Canoes, Rowing and Sailing Boats, and Hunting Craft. 
By W. P. Stephens. With numerous illustrations and 24 plates of 
Working Drawings. Crown 8vo, cloth, 9J. 

Proceedings of the National Conference of Electricians, 

Philadelphia^ October 8th to 13th, 1884. i8mo, cloth, y. 

Dynamo - Electricity, its Generation, Application, 

Transmission, Storage, and Measurement. By G. B. Prescott. With 
545 illustrations, 8vo, cloth, i/. \s. 

Domestic Electricity for Amateurs, Translated from 

the French of E. Hospitalier, Editor of ** L'Electricien,** by C. J. 
Wharton, Assoc. Soc. Tel. Eng. Numerous illustrations. Demy 8vo, 
cloth, dr. 

Contents : 

1. Production of the Electric Current— 2. Electric Bells — ^3. Automatic Alarms — 4. Domestic 
Telephones — 5. Electric Clocks — 6. Electric Lighters — 7. Domestic Electric Lighting — 
8. Domestic Application of the Electric Light— 9. Electric Motors— zo. Electrical Locomo- 
tion — 11. Electrotyping, Plating, and Gilding— 12. Electric Recreations— 13. Various appli- 
cations—Workshop of the Electrician. 

Wrinkles in Electric Lighting. By Vincent Stephen. 

With illustrations. i8mo, cloth, 2s, 6d» 

Contents : 

z. The Electric Current and its production by Chemical means — 9. Production of Electric 
Currents by Mechanical means — ^3. Dynamo-Electric Machines — 4. Electric Lamps^ 
5. Lead— 6. Ship Lighting. 

Foundations and Foundation Walls for all classes of 

Buildings^ Pile Driving, Building Stones and Bricks, Pier and Wall 
construction. Mortars, Limes, Cements, Concretes, Stuccos, &c. 64 illus' 
trations. By G. T. PowELL and F. Bauman. 8vo, cloth, lOJ. 6^. 

Manual for Gas Engineering Students. By D. Lee. 

l8mo, cloth, \s. 
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Telephones^ their Construction and Management, 

By F. C. Allsop. Crown 8vo, doth, 5^. 

Hydraulic Machinery, Past and Present. A Lecture 

delivered to the London and Suburban Railway Officials' Association. 
By H. Adams, Mem. Inst. C.E. Folding plate. 8vo, sewed, u. 

Twenty Years with the Indicator. By Thomas Pray, 

Jun., C.E., M.E., Member of the American Society of Civil Engineers. 
2 vols., royal 8vo, cloth, I2j. dd. 

Annual Statistical Report of the Secretary to the 

Members of the Iron and Steel Association on the Home and Foreign Iron 
and Steel Industries in 1889. Issued June 1890. 8vo, sewed, 5j. 

Bad Drains., and How to Test them ; with Notes on 

the Ventilation of Sewers, Drains, and Sanitary Fittings, and the Origin 
and Transmission of Zymotic Disease. By R. Harris Reeves. Crown 
8vo, cloth, y, 6d. 

Well Sinking. The modern practice of Sinking 

and Boring Wells, with geological considerations and examples of Wells. 
By Ernest Spon, Assoc. Mem. Inst C.E., Mem. Soc. Eng., and of the 
Franklin Inst., etc. Second edition, revised and enlarged. Crown 8vo, 
cloth, lar. 6d, 

The Voltaic Accumulator : an Elementary Treatise. 

By 6mile Reynier. Translated by J. A. Berly, Assoc. Inst. E.E. 
With 62 illustrations^ 8vo, cloth, gs. 

Ten Years Experience in Works of Intermittent 

Downward Filtration, By J. Bailey Denton, Mem. Inst. C.E. 
Second edition, with additions. Royal 8vo, cloth, 5J. 

Land Surveying on the Meridian and Perpendicular 

System. By William Penman, C.E. 8vo, cloth, %s, 6d. 

The Electromagnet and Electromagnetic Mechanism. 

By SiLVANUS p. Thompson, D.Sc, F.R.S. 8vo, cloth, 15J. 
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Incandescent Wiring Hand-Book. By F. B. Badt, 

late 1st lieut. Royal, Prussian Artillery. With 41 illustrations and 
5 tables* iSino, cloth, 4J. 6d, 

A Pocket-book for Pharmacists^ Medical Prac- 

titionersy Students, etc,, etc» (British, Colonial, and American), By 
Thomas Bayley, Assoc. R. Coll. of Science, Consulting Chemist, 
Analyst, and Assayer, Author of a 'Pocket-book for Chemists,* *The 
Assay and Analysis of Iron and Steel, Iron Ores, and Fuel,* etc., etc. 
Royal 32mo, boards, gilt edges,. 6^. 

The Fireman s Guide ; a Handbook on the Care of 

Boilers. By Teknolog, foreningen T. I. Stockholm. Translated from 
the third edition, and revised by Karl P. Dahlstrom, M.E. Second 
edition. Fcap. 8vo, cloth, 2j. 

A Treatise on Modem Steam Engines and Boiler Sy 

including Land Locomotive, and Marine Engines and Boilers, for the 
use of Students. By Frederick Colyer, M. Inst. C.E., Mem. Inst M.E, 
With 21^ plates, 4to, cloth, 12s, 6d, 

Contents : 

I. Introduction— 3. Original Engines— 3. Boilers— 4. High-Pressure Beam Engines — 5. 
Cornish Beam Engines— 6. Horizontal Engines— 7. Oscillating Engines— 8. Vertiail High- 
Pressure Engines— 9. Special Engines— 10. Portable Engines— 11. Locomotive Engines— 
la. Marine Engines. 



Steam Engine Management; a Treatise on the 

Working and Management of Steam Boilers. By F. Colyer, M. Inst. 
C.E., Mem. Inst. M.E. i8mo, cloth, 2s, 



A Text-Book of Tanning, embracing the Preparation 

of all kinds of Leather. By Harry R. Proctor, F.C.S., of Low Lights 
Tanneries. With illustrations. Crown 8vo, cloth, lOf. dd. 



Aid Book to Engineering Enterprise. By Ewing 

Matheson, M. Inst. C.E. The Inception of Public Works, Parlia- 
mentary Procedure for Railways, Concessions for Foreign Works, and 
means of Providing Money, the Points which determine Success or 
Failure, Contract and Purchase, Commerce in Coal, Iron, and Steel, &c. 
Second edition, revised and enlarged, 8vo, cloth, zjs. 
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Pumps, Htstorually, Theoretually, and Practually 

Considered, By P. R. BjoRLING. WUh 156 iUustroHom, Crown Syo, 
cloth, 7/. (id. 

The Marine Transport of Petroleum. A Book for 

the use of Shipowners, Shipbuilders, Underwriters, Merchants, Captains 
and Officers of Petroleum-carrying Vessels. By G. H. Little, Editor 
of the * Liverpool Journal of Commerce.' Crown 8vo, cloth, lar. 6d, 

Liquid Fuel for Mechanical and Industrial Purposes. 

Compiled by E. A. Brayley Hodgetts. With wood engravings, 
8vo, cloth, 7/. (>d. 

Tropical Agriculture : A Treatise on the Culture, 

Preparation, Commerce and Consumption of the principal Products of 
the Vegetable Kingdom. By P. L. Simmonds, F.L.S., F.R.C J. New 
edition, revised and enlarged, 8vo, cloth, 21s. 

Health and Comfort in House Building ; or, Ventila- 
tion with Warm Air by Self-acting Suction Power. With Review of the 
Mode of Calculating the Draught in Hot-air Flues, and with some Actual 
Experiments by J. Drysdale, M.D., and J. W. Hayward, M.D. 
With plates and woodcuts. Third edition, with some New Sections, and 
the whole carefully Revised, 8vo, cloth, ^s, 6d, 

Losses in Gold Amalgamation. With Notes on the 

Concentration of Gold and Silver Ores. With six plates. By W. 
McDermott and P. W. Duffield, 8vo, cloth, Ss, 

A Guide for the Electric Testing of Telegraph Cables. 

By Col. V. HosKiCER, Royal Danish Engineers. Third edition, crown 
8vo, cloth, 4r. dd. 

The Hydraulic Gold Miners' Manual. By T. S. G. 

Kirkpatrick, M.A. Oxon. With d plates. Crown 8vo, cloth, 6j. 

" We venture to think that this work will become a text-book on the important subject of 
which it treats. Until comparatively recently hydraulic mines were neglected. This was 
scarcely to be surprised at, seeing; that their workmg in California was brought to an abrupt 
termination by the action of the farmers on the dibris question, whilst their working in other 
parts of the world had not been attended with the anticipated success."—?'-** Mining World 
and Engineering Record, 

The Arithmetic of Electricity. By T. O'Conor 

Sloane. Crown 8vo, cloth, 4r. td. 



PUBLISHED BY E. & F. N. SPON. 



19 



The Turkish Bath : Its Design and Construction for 

Public and Commercial Purposes. By R. O. Allsop, Architect. JViiA 
plans and sections, 8vo, cloth, 6s. 

Earthwork Slips and Subsidences upon Public Works : 

Their Causes, Prevention and Reparation. Especially written to assist 
those engaged in the Construction or Maintenance of Railways, Docks, 
Canals, Waterworks, River Banks, Reclamation Embankments, Drainage 
Works, &c., &c. By Tohn Newman, AssocMem. Inst C.E., Author 
of * Notes on Concrete, &c. Crown 8vo, cloth, p. 6d. 

Gas and Petroleum Engines i A Practical Treatise 

on the Internal Combustion Engine. By Wm. Robinson, M.E., Senior 
Demonstrator and Lecturer on Applied Mechanics, Physics, &c.. City 
and Guilds of London College, Finsbury, Assoc Mem. Inst. C.E., &c. 
Numerous illustrations, 8vo, cloth, 141. 

Waterways and Water Transport in Different Coun- 
tries, With a description of the Panama, Suez, Manchester, Nicaraguan, 
and other Canals. By J, Stephen Jeans, Author of * England's 
Supremacy,* 'Railway Problems,' &c. Numerous illustrations, 8vo, 
cloth, I4r. 



Treatise on the Richards Steam-Engine Indicator 

and the Development and Application of Force in the Steam-Engine, 
Py Charles T. Porter. Fourth Edition, revised and enlarged, 8vo, 
doth, 9J. 

Contents. 



The Nature and Use of the Indicator : 
The several lines on the Diagram. 
Examination of Diagram No. I. 
Of Truth in the Diagram. 
Description of the Richards Indicator. 
Practi(^ Directions for Applying and Taking 

Cure of the Indicator. 
Introductory Remarks. 
Units. ^ 
Expansion. 
Directions for ascertaining from the Diagram 

the Power exerted by me Engine. 
To Measure from the Diagram the Quantity 

of Steam Consumed. 
To Measure from the Diagram the Quantity 

of Heat Expended. 
Of the Real Diagram,and how to Construct it. 
Of the Conversion of Heat into Work in the 

Steam-engine. 
Observations on the several Lines of the 

Diagram. 



Of the Loss attending the Employment of 
Slow-piston Speed, and the Extent to 
which this is Shown by the Indicator* 

Of other Applications of the Indicator. 

Of the use of the Tables of the Properties of 
Steam in Calculating the Duty of Boilers* 

Introductory. 

Of the Pressure on the Crank when the Con- 
necting-rod is conceived to be of Infinite 
Length. 

The Modification of the Acceleration and 
Retardation that is occasioned by the 
Angular Vibration of the Connecting-rod. 

Method of representing the actual pressure 
on the crank at every point of its revolu- 
tion. 

The Rotative Effect of the Pressure exerted 
on the Crank. 

The Transmitting Parts of an Engine, con* 
sidered as an Equaliser of Motion. 

A Ride on a Buffer-beam (Appendix). 
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In demy 4to, handsomely bound in cloth, iliustratgd with 220 full page plaUs ^ 

Price i$s. 



ARCHITECTURAL EXAMPLES 

IN BRICX, STONE, WOOD, AND IRON. 

A COMPLETE WOBE ON THE DETAILS AND ABHANGEMENT 
OP BXTILDINa CONSTBUCTION AND DESIGN. 

By WILLIAM FULLERTON, Architect. 

Containing 2ao Plates, with numerous Drawing^s selected from the Architecture 
of Former and Present Times. 

The Details and Designs are Drawn to Scale^ J", J", J", and Full size 
being chiefly used. 



The Plates are arranged in Two Parts. The First Part contains 
Details of Work in the four principal Building materials, the following 
being a few of the subjects in this Part : — Various forms of Doors and 
Windows, Wood and Iron Roofs, Half Timber Work, Porches, 
Towers, Spires, Belfries, Flying Buttresses, Groining, Carving, Church 
Fittings, Constructive and Ornamental Iron Work, Classic and Gothic 
Molds and Ornament, Foliation Natural and Conventional, Stained 
Glass, Coloured Decoration, a Section to Scale of the Great Pyramid, 
Grecian and Roman Work, Continental and English Gothic, Pile 
Foundations, Chimney Shafts according to the regulations of the 
London County Council, Board Schools. The Second Part consists 
of Drawings of Plans and Elevations of Buildings, arranged under the 
following heads ; — ^Workmen's Cottages and Dwellings, Cottage Resi- 
dences and Dwelling Houses, Shops, Factories, Warehouses, Schools, 
Churches and Chapels, Public Buildings, Hotels and Taverns, and 
Buildings of a general character. 

All the Plates are accompanied with particulars of the Work, with 
Explanatory Notes and Dimensions of the various parts. 



specimen Pages ^ reduced from the originals. 
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Crown 8vo, dotfa, with iUustratioiis, 5/. 

WORKSHOP RECEIPTS, 

FIRST SERIES. 

By ERNEST SPON. 



Bookbinding. 

Bronzes and Bronzing. 

Candles. 

Cement 

Cleaning. 

Colourwashing. 

Concretes. 

Dipping Acids. 

Drawing Office Details. 

Drying Oils. 

D3mamite. 

Electro - Metallurgy — 
(Cleaning, Dipping, 
Scratch-brushing, Bat- 
teries, Baths, and 
Deposits of every 
description). 

Enamels. 

Engraving on Wood, 
Copper, Gold, Silver, 
Steel, and Stone. 

Etching and Aqua Tint 

Firework Making — 
(Rockets, Stars, Rains, 
Gerbes, Jets, Tour- 
billons, Candles, Fires, 
LanceSjLights, Wheels, 
Fire-balloons, and 
minor Fireworks). 

Fluxes. 

Foundry Mixtures. 



Synopsis of Contents. 

Freezing. 

Fulminates. 

Furniture Creams, Oils, 
Polishes, Lacquers, 
and Pastes. 

Gilding. 

Glass Cutting, Cleaning, 
Frosting, Drilling, 
Darkening, Bending, 
Staining, and Paint- 
ing. 

Glass Making. 

Glues. 

Gold. 

Graining. 

Gums. 

Gun Cotton. 

Gunpowder. 

Horn Working. 

Indiarubber. 

Japans, Japanning, and 
kindred processes. 

Lacquers. 

Lathing. 

Lubricants. 

Marble Working. 

Matches. 

Mortars. 

Nitro-Glycerine. 

Oils. 



Paper. 

Paper Hanging. 

Painting in Oils, in Water 
Colours, as well as 
Fresco, House, Trans- 
parency, Sign, and 
Carriage Painting. 

Photography. 

Plastering. 

Polishes. 

Pottery — (Clays, Bodies, 
Glazes, Colours, Oils, 
Stains, Fluxes, Ena- 
mels, and Lustres). 

Scouring. 

Silvering. 

Soap. 

Solders. 

Tanning. 

Taxidermy, 

Tempering Metals. 

Treating Horn, Mother- 
o'-Pearl, and like sub- 
stances. 

Varnishes, Manu&cture 
and Use of. 

Veneering. 

Washing. 

Waterproofing. 

Welding. 



Besides Receipts relating to the lesser Technological matters and processes, 
such as the manufacture and use of Stencil Plates, Blacking, Crayons, Paste, 
Putty, Wax, Size, Alloys, Catgut, Tunbridge Ware, Picture Frame and 
Architectural Mouldings, Compos, Cameos, and others too numerous to 
mention. 
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Crown 8vo, doth, 485 pages, with illustrations, 51. 

WORKSHOP RECEIPTS, 

SECOND SERIES, 
By ROBERT HALDANE. 



Synopsis of Contents. 



and 



Disinfectants. 
Dyeing, Staining, 

Colouring. 
Essences. 
Extracts. 
i Fireproofing. 
Gelatine, Glue, and Size. 
Glycerine. 
Gut. 
Hydrogen peroxide. 

Iodine. 



Iodoform. 

Isinglass. 

Ivory substitutes. 

Leather. 

Luminous bodies. 

Magnesia. 

Matches. 

Paper. 

Parchment. 

Perchloric acid. 

Potassium oxalate. 

Preserving. 



Addimetry and Alkali- 
metry. 
Albumen. 
Alcohol. 
Alkaloids. 
Baking-powders. 
Bitters. 
Bleaching. 
Boiler Incrustations. 
Cements and Lutes. 
Cleansing. 
Confectionery. 
Copying. 

Figments, Faint, and Fainting : embracing the preparation of 
Pigments^ induding alumina lakes, blacks (animad, bone, Frankfort, ivory, 
lamp, sight, soot), blues (antimony, Antwerp, cobalt, cseruleum, Egyptian, 
manganate, Paris, P^ligot, Prussian, smalt, ultramarine), browns (bistre, 
hinau, sepia, sienna, umber, Vandyke), greens (baryta, Brighton, Brunswick, 
chrome, cobalt, Douglas, emerald, manganese, mitis, mountain, Prussian, 
sap, Scheele's, Schweinfurth, titanium, verdigris, zinc), reds (Brazilwood lake, 
carminated lake, carmine, Cassius purple, cobalt pink, cochineal lake, colco* 
thar, Indian red, madder lake, red chalk, red lead, vermilion), whites (alum, 
baryta, Chinese, lead sulphate, white lead — by American, Dutch, French, 
German, Kremnitz, and Pattinson processes, precautions in making, and 
composition of commercial samples — whiting, Wilkinson's white, zinc white), 
yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes) ; Faint 
(vehicles, testing oils, (mers, grinding, storing, applying, priming, drying, 
filling, coats, brushes, surface, water-colours, removmg smdl, discoloration ; 
miscellaneous paints — cement paint for carton-pierre, copper paint, gold paint, 
iron paint, lime paints, silicated paints, steatite paint, transparent paints, 
tungsten paints, window paint, zinc paints) ; Painting' (general instructions, 
proportions of ingredients, measuring paint work ; carriage painting — priming 
paint, best putty, finishing colour, cause of cracking, mixing the paints, oils, 
driers, and colours, varnishing, importance of washing vehicles, re-varnishing, 
how to dry paint ; woodwork painting). 
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Crown 8vo, cloth, 4S0 pages, with 183 illustrations, 5j. 



WORKSHOP RECEIPTS. 



THIRD SERIES. 



By C. G. WARNFORD LOCK. 



TTnifonu with the First and Second Series. 



Synopsis of Contents. 



AUoys. 


Indium. 


Rubidium. 


Aluminium. 


Iridium. 


Ruthenium. 


Antimony. 


Iron and Steel. 


Selenium. 


Barium. 


Lacquers and Lacquering. 


Silver. 


Beryllium. 


Lanthanum. 


Slag. 


Bismuth. 


Lead. 


Sodium. 


Cadmium. 


Lithium. 


Strontium. 


Caesium, 


Lubricants. 


Tantalum. 


Calcium. 


Magnesium. 


Terbium. 




Manganese. 


Thallium. 


Chromium. 


Mercury. 


Thorium. 


Cobalt 


Mica. 


Tin. 


Copper. 


Molybdenum. 


Titanium. 


Didymium. 


Nickel 


Tungsten. 


Electrics. 


Niobium. 


Uranium. 


Enamels and Glazes. 


Osmium. 


Vanadium. 


Erbium. 


Palladium. 


Yttrium. 


Gallium. 


Platinum. 


Zinc. 


Glass. 


Potassium. 


Zirconium. 


Gold. 


Rhodium. 
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WORKSHOP RECEIPTS. 

FOURTH SERIES, 

DEVOTED MAINLY TO HANDICRAFTS & MECHANICJLL SUBJECTS. 

By C. G. WARNFORD LOCK. 

250 ninatrationB, with Complete Index, and a General Index to the 
Four Series, 58. 



Waterproofing — rubber goods, cuprammonium processes, miscellaneons 

preparations. 
Packing and Storing articles of delicate odour or colour, of a deliquescent 

character, liable to ignition, apt to suffer from insects or damp, or easily 

broken. 
Embalming and Preserving anatomical specimens. 
Leather Polishes. 
Cooling Air and Water, producing low temperatures, making ice, cooling 

syrups and solutions, and separating salts from liquors by refrigeration. 

Pumps and Siphons, embracing every useful contrivance for raising and 

supplying water on a moderate scale, and moving corrosive, tenacious, 

and other liquids. 
Desiccating — air- and water-ovens, and other appliances for drying natura 

and artificial products. 
Distilling — water, tinctures, extracts, pharmaceutical preparations, essences, 

perfumes, and alcoholic liquids. 

Emulsifying as required by pharmacists and photographers. 

Evaporating — saline and other solutions, and liquids demanding specia 
precautions. 

Filtering — ^water, and solutions of various kinds. 

Percolating and Macerating. 

Electrotyping. 

Stereotyping by both plaster and paper processes. 

Bookbinding in all its details. 

Straw Plaiting and the fabrication of baskets, matting, etc. 

Musical Instruments — the preservation, timing, and repair of pianos 
harmoniums, musical boxes, etc. 

Clock and Watch Mending— adapted for intelligent amateurs. 

Photography — recent development in rapid processes, handy apparatus, 
numerous recipes for sensitizing and developing solutions, and applica- 
tions to modem illustrative purposes. 



36 



CATALOGUE OF SCIENTIFIC BOOKS 



NOW COMPLETE. 

fVitA nearfy 1500 illustraHons^ in super-royal Svo, in 5 Divisions, cloth. 
Divisions i to 4, 13J. 6d, each ; Division 5, 17^. 6^. ; or 2 vols., cloth, £^ lor. 

SPONS' ENCYCLOPAEDIA 

OFTHB 

INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 
PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.S. 

Among the more important of the subjects treated of, are the 
following :— 



Bleaching, 51 pp. 48 
Candles, 18 pp. 9 figs. 



sulphit 



Acids, 207 pp. 220 figs. 
Alcohol, 23 pp. 16 hgB. 
Alcoholic Liquors, 13 pp. 
Alkalies, 89 pp. 78 figs. 
Alloys. Alum. 

Asphalt Assaying. 
Beverages, 89 pp. 29 figs. 
Blacks. 

Bleaching Powder, 15 pp. 
" figs. 

Carbon Bisulphide. 
Celluloid, 9 pp. 
Cements. Clay. 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

pp. 57 figs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dyestuffs, 16 pp. 
Electro-Metallurgy, 13 

pp. 
Explosives, 22 pp. 33 figs. 
Feathers. 
Fibrous Substances, 92 

pp. 79 figs. 
Floor-doth, 16 pp. 21 

figs. 
Food Preservation, 8 pp. 
Fruit, 8 pp. 



Fur, 5 pp. 

Gas, Coal, 8 pp. 

Gems. 

Glass, 45 pp. 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 1 1 
pp., II figs. 

Knitted Fabrics — 
Hosiery, 15 PP- 13 ^gs. 

Lace, 13 pp. 9 figs. 

Leather, 28 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 1 7 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint 

Paper, 26 pp. 23 figs. 

Paraffin, 8 pp. 6 figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 



Photography, 13 pp. 20 

figs. 
Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. 57 figs. 
Printing and Engraving, 

20 pp. 8 figs. 
Rags. 
Resinous and Gummy 

Substances, 75 pp. 16 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31 pp. 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 pp. 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 39 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, 5 pp. 
Starch, 9 pp. 10 figs. 
Sugar, 155 pp. 134 

figs. 
Sulphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp. 
Woollen Manufactures, 

58 pp. 39 figs. 
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In snper-toyal tvo, 116S pp., miM «4eo Sluttraima, in 3 DiTisioni, cloth, price V3f.td. 
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Abacus, Counters, Speed 
Indicators, and Slide 
Rule. 

Agricultural Implements 
and Machinery. 

Air Compressors. 

Animal Charcoal Ma- 
chinery. 

Antimony. 

Axles and Axle-boxes. 

Bam Machinery. 

Belts and Belting. 

Blasting. Boilers. 

Brakes. 

Brick Machinery. 

Bridges. 

Cages for Mines. 

Calculus, Differential and 
Integral 

Canals. 

Carpentry. 

Cast Iron. 

Cement, Concrete, 
Limes, and Mortar. 

Chimney Shafts. 

Coal Cleansing and 
Washing. 



Coal Mining. 

Coal Cutting Machines. 

Coke Orens. Copper. 

Docks. Drainage. 

Dredging Machinery. 

Dynamo - Electric and 
Magneto-Electric Ma- 
chines. 

Dynamometers. 

Electrical Engineering, 
Telegraphy, Electric 
Lighting and its prac- 
ticaldetails,Telephones 

Engines, Varieties of. 

Explosives. Fans. 

Founding, Moulding and 
the practical work of 
the Fotmdry. 

Gas, Manufacture of. 

Hammers, Steam and 
other Power, 

Heat Horse Power. 

Hydraulics. 

Hydro-geology. 

Indicators. Iron. 

Lifts, Hoists, and Eleva- 
tors. 



Lighthouses, Buoys, and 
Beacons. 

Machine Tools. 

Materials of Construc- 
tion. 

Meters. 

Ores, Machinery and 
Processes employed to 
Dress. 

Piers. 

Pile Driving. 

Pneumatic Transmis^ 
sion. 

Pumps. 

Pyrometers. 

Road Locomotives. 

Rock Drills. 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

Steel 

Steam Navvy. 

Stone Machinery. 

Tramways. 

Well Sinking. 
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